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THURSDAY,  MARCH  30,  1995 

U.S.  Senate, 
Subcommittee  on  Science,  Technology,  and  Space 
Committee  on  Commerce,  Science,  and  Transportation, 

Washington,  DC. 
The  committee  met,  pursuant  to  notice,  at  10:04  a.m.,  in  room 
SR-253,  Russell  Senate  Office  Building,  Hon.  Conrad  Bums  (chair- 
man of  the  subcommittee)  presiding. 

Staff  members  assigned  to  this  hearing:  Louis  C.  Whitsett,  staff 
counsel,  and  Timothy  B.  Kyger,  professional  staff  member;  and 
Patrick  H.  Windham,  minority  senior  professional  staff. 

OPENING  STATEMENT  SENATOR  BURNS 

Senator  Burns.  The  committee  of  one  will  come  to  order.  I  am 
sorry  to  be  a  little  late. 

Thank  you,  Dr.  Gibbons  and  Dr.  Lane  for  your  attendance  here 
this  morning.  I  have  a  statement;  however,  I  am  going  to  hold  up 
on  my  statement  until  you  can  make  yours.  We  have  come  to  hear 
you  more  than  we  did  me. 

And  we  are  very  interested  on  what  is  happening  in  your  world, 
and  how  that  relates  to  this  committee,  and,  of  course,  to  this  gov- 
ernment and  to  the  American  people. 

We  have  a  vote  coming  up  at  10:20  on  the  confirmation  of 

Mr.  Glickman,  the  Secretary  of  Agriculture.  So  what  we  will  do 
is  we  will  take  opening  statements  from  Dr.  Gibbons  this  morning 
and  Dr.  Lane. 

And  then  we  will  have  the  vote,  and  then  we  will  have  some  dia- 
log, and  we  want  to  hear  from  our  second  panel. 

So  thank  you,  gentlemen,  for  coming  this  morning.  We  look  for- 
ward to  your  statements. 

Thank  you.  Dr.  Gibbons. 

STATEMENT  OF  HON.  JOHN  H.  GIBBONS,  DIRECTOR,  OFFICE 
OF  SCIENCE  AND  TECHNOLOGY  POLICY 

Dr.  Gibbons.  Thank  you,  Mr.  Chairman.  We  very  much  appre- 
ciate being  with  you  this  morning,  and  we  understand  the  pace  of 
life  you  are  having  to  lead.  So  we  will  try  to  move  right  along. 

Senator  Burns.  For  us  overweight  fellows,  it  is  getting  to  be  a 
crunch  any  more.  [Laughter.] 

(1) 


Dr.  Gibbons.  Well,  we  are  here  to  speak  about  the  administra- 
tion's science  and  technology  strategy,  Mr.  Chairman. 

We  think  we  all  appreciate  the  fact  that  our  mastery  of  science 
and  technology  is  largely  going  to  determine  whether  our  citizens 
are  able  to  capture  new  opportunities  like  better  jobs  and  a  higher 
quality  of  life,  as  well  as  to  continue  the  basic  amenities  that  we 
enjoy,  that  we  have  derived  from  advances  in  science  and  tech- 
nology in  the  past. 

We  have  had  extraordinary  progress  over  the  last  50  years,  and 
at  least  half  of  it,  it  is  estimated,  has  come  from  advances  in  tech- 
nology. 

Our  future  can  also  be  very  eventfiil,  just  like  the  past  half  cen- 
tury, but  we  have  to  invest  wisely  and  well  in  technology,  if  we  ex- 
pect to  have  a  globally  competitive  private  sector  that  is  creating 
additional  new  high-wage  jobs,  and  we  can  have  educated  citizens 
ready  to  take  on  those  jobs. 

But  for  society  as  a  whole,  the  return  on  investments  from  the 
public  sector  is  about  50  percent.  That  very  high  rate  of  return, 
which  we  can  measure  historically,  is  what  we  count  on  and  why 
we  feel  so  firmly  that  support  of  science  and  technology,  both  in 
terms  of  policies,  as  well  as  investments  in  the  public  sector,  are 
very  important. 

We  opt  to  choose  for  that  continued  strong  investment  in  science 
and  technology,  because  it  has  worked  so  well  in  the  past,  and  it 
bears  every  promise  of  it  working  in  the  future. 

The  President's  biannual  report  to  Congress  on  the  status  of 
science  and  technology,  we  are  pleased  to  release  to  the  Committee 
today,  Mr.  Chairman.  We  hope  that  people  will  have  a  chance  to 
review  this.  I  think  it  is  a  compelling  case  for  the  President's  posi- 
tion. 

An  example  of  the  ways  our  investments  in  the  past  are  paying 
off  for  us  in  the  national  information  infrastructure  and  that  super- 
highway I  would  be  happy  to  talk  with  you  about  it  later  this 
morning  after  you  return  from  the  road,  because  we  feel  it  is  a  per- 
fect example  of  how  public  investment,  coupled  with  private  invest- 
ment, and  the  right  kinds  of  policies  are  enabling  this  country  to 
capture  that  new  technology  in  a  way  that  most  of  the  countries 
in  the  world  have  not  been  able  to  do. 

I  hope  that  we  can  repeat  this  success  in  information  technology 
with  successes  in  other  areas.  We  will  be  prepared  to  talk  about 
education,  transportation,  buildings,  and  construction,  and  other 
areas  where  technology  is  making  such  an  enormous  difference  in 
our  opportunities. 

We  have  always,  as  a  government,  stepped  up  to  the  task  of  de- 
livering science  and  technology  to  non-market  areas  such  as  na- 
tional defense  as  well  as  to  the  task  of  encouraging  development 
of  technologies  that  are  critical  to  economic  growth  and  to  the  cre- 
ation of  good  jobs. 

For  example,  Federal  investment  in  agricultural  science  and 
technology,  as  you  well  know,  Mr.  Chairman,  has  made  it  possible 
for  our  agricultural  community  to  feed  us  and  much  of  the  rest  of 
the  world,  and  do  it  profitably. 


Investments  in  aeronautics  helped  the  U.S.  companies  capture 
global  markets  for  aircraft  and  make  air  travel  accessible  to  most 
Americans. 

One  can  m^e  the  similar  statements  of  great  successes  of  these 
kinds  of  partnerships,  whether  it  be  electronics  and  computers,  or 
space  technology,  or  bio-medicine,  or  bio-technology. 

We  feel  we  simply  cannot  walk  away  from  that  responsibility  to 
ensure  similar  advantages  for  future  generations. 

But  we  can,  nonetheless,  make  our  science  and  technology  pro- 
grams work  better  and  cost  less.  The  early  pledge  of  this  adminis- 
tration was  not  only  to  cut  the  deficit,  but  also  focus  on  invest- 
ments, such  as  science  and  technology,  that  can  improve  our  oppor- 
tunities for  the  future,  and  along  with  this,  to  improve  the  way  we 
use  the  public's  funds  in  carrying  out  the  government's  activities. 

Out  of  that  came  the  reinvention  of  government,  which  is  occur- 
ring, the  latest  this  week,  on  NASA's  reinventions  and  the  likes, 
and  also  the  creation  of  the  National  Science  and  Technology  Coun- 
cil, which  is  helping  fit  all  these  pieces  of  science  and  technology 
together  into  a  more  coherent  whole  than  we  have  had  before. 

We  are  already  acting,  as  I  said,  on  this  conviction  of  being  able 
to  do  things  better  and  more  effectively,  at  least  an  example  being 
NASA. 

Now,  that  agency's  1950  style  of  infrastructure  and  its  setting  de- 
rived from  the  cold  war  is  now  being  brought  into  the  information 
age,  at  a  likely  savings  of  billions  of  dollars,  and  the  savings  also 
of  thousands  of  government  jobs. 

Similar  efforts  and  similar  savings  we  believe  are  underway  at 
the  Federal  Emergency  Management  Administration,  FDA,  the  De- 
partment of  Energy,  the  EPA,  the  Small  Business  Administration, 
and  other  agencies. 

We  are  working  through  this  in  a  way  in  which  we  hope  to  use 
careful  analysis  and  a  sharp  scalpel  to  recreate  these  agency's  just 
similar  to  the  way  the  private  sector  has  been  doing  for  the  past 
decade  to  make  things  work  better. 

Working  with  my  good  friend,  Neal  Lane,  I  will  soon  be  briefing 
the  Vice  President  on  how  changes  in  Federal  requirements  can  re- 
duce paperwork  and  administrative  time  and  burdens  on  our  pro- 
fessors and  researchers  in  our  universities  and  laboratories. 

That  way  we  hope  to  free  up  time  for  more  research  for  scholar- 
ship and  invent  new  things,  and  to  teach  the  next  generation  of  re- 
searchers and  scholars,  instead  of  taking  so  much  time  in  doing  pa- 
perwork. 

Now,  all  of  us  need  periodic  reminders  about  the  necessity  to  in- 
vest in  the  future,  but  this  country  has  an  excellent  track  record 
of  using  science  and  technology  investments  to  do  just  that. 

And  if  imitation  is  the  sincerest  form  of  flattery,  then  we  ought 
to  be  flattered,  indeed,  by  our  global  competitors. 

While  the  U.S.  still  leads  the  world  in  total  dollars  spent  on  re- 
search and  development,  Japan  and  Grermany,  for  example,  now 
surpass  our  level  of  research  spending  as  a  percent  of  GDP,  and 
are  even  further  ahead  of  us  in  non-defense  research  spending,  as 
a  fraction  of  GDP. 


Just  a  week  ago  we  released  a  report  on  national  critical  tech- 
nologies, Mr.  Chairman,  which  points  out  that  in  27  areas  of  tech- 
nology, the  U.S.  leads.  That's  the  good  news. 

But  we  are  shrinking  in  that  lead.  Europe  is  now  dead  even  or 
very  close  to  us  in  25  of  those  27  areas.  Japan  is  tied  or  very  close 
to  us  in  seventeen  of  those  twenty-seven  areas,  and  they  are  fast 
closing  on  five  more. 

So  if  we  want  to  stay  ahead,  or  even  stay  even,  we  have  to  keep 
making  these  investments  or  lose  out. 

Our  competitors  are  becoming  more  and  more  like  Aesop's  Fa- 
ble's ants,  who  through  thick  and  thin  always  put  a  little  bit  aside 
for  the  cold  and  rainy  days.  We  did  that  for  ourselves. 

But  now,  I  fear,  we  may  be  becoming  more  like  Aesop's  grass- 
hopper, who  sang  the  summer  away.  In  unison,  and  I  think  for 
food  cause,  we  sing  less  government  and  lower  taxes.  But  there  is 
issonance  when  we  try  to  talk  about  preparing  for  the  future,  and 
putting  aside  a  fair  amount  for  our  children  and  grandchildren. 

I  think  we  need  to  re-seek  some  of  that  harmony,  Mr.  Chairman 
and  we  are  determined  to  do  that,  and  we  very  much  appreciate 
the  interest  and  support  of  this  committee  in  this  approach  to  the 
future.  Thank  you,  sir. 

Senator  Burns.  Thank  you.  Dr.  Gibbons. 

[The  prepared  statement  of  Dr.  Gibbons  follows:] 
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Mr.  Chairman,  members  of  the  committee,  thank  you  for  inviting  me  here  today  to 
speak  with  you  about  the  Clinton  Administration's  science  and  technology  initiatives.    These 
initiatives  are  an  integral  part  of  the  President's  New  Covenant  -  his  pledge  to  reinvigorate 
middle  class  America. 

We  are  now  having  a  great  debate  about  how  we  can  best  assure  the  American  Dream 
for  present  generations  and  for  those  of  the  next  century.   The  choices  we  make  will  have 
profound  effects  on  our  lives  and  those  of  our  children  and  grandchildren. 

In  this  historic  era  we  have  experienced  the  end  of  the  Cold  War,  the  dawn  of  the 
Information  Age,  a  globalized  economy,  an  explosion  of  entrepreneurialism.    We  have  before 
us  enormous  opportunities.    At  the  same  time,  we  have  profound  challenges.    We  have 
experienced  almost  20  years  of  stagnant  incomes  in  the  United  States.    We  have  growing 
inequality  of  incomes  based  primarily  on  educational  differentials.    We  have  challenges 
abroad  in  terrorism,  environmental  destruction,  population  explosion,  and  the  proliferation  of 
weapons  of  mass  destruction. 

Government  has  an  important  role  to  play  as  a  partner  in  meeting  the  challenges  of  the 
future.   The  role  of  government  is  to  increase  opportunity  as  we  shrink  bureaucracy,  to 
empower  people  to  make  the  most  of  their  own  lives,  and  to  enhance  our  security  at  home 
and  abroad.    We  aim  to  expand  the  middle  class  and  shrink  the  underclass.    And  we  have  to 
do  it  with  a  government  that  is  smaller  and  less  bureaucratic,  but  still  effective. 

The  future  is  in  our  hands.    We  can  have  a  globally  competitive  private  sector  that  is 
creating  new,  high-wage  jobs  and  educated  citizens  ready  to  take  those  jobs.    Or  we  can  have 
20  more  years  of  stagnant  incomes  and  watch  our  industries  lose  ground  in  the  race  for 
global  market  share. 

We  choose  prosperity,  Mr.  Chairman.    Science  and  technology  will  help  us  cut  the 
straightest  path  from  here  to  there. 


Why  We  Invest  in  Science  and  Technology 

In  his  biennial  report  to  the  Congress,  which  we  are  releasing  today,  Mr.  Chairman, 
the  President  reaffirms  his  belief  that  sustained  investments  in  science  and  technology  are 
absolutely  essential  to  our  knowledge-based  society.  Thoughtful  investments  in  science  and 
technology  fuel  economic  growth,  strengthen  national  security,  and  improve  the  quality  of 
life.    This  Administration  is  focusing  its  science  and  technology  resources  on  high  priority 
areas,  including: 

•  Economic  growth  and  job  creation 

•  Education  and  training 

•  Environmental  quality 

•  Health  / 

•  Information  technology 

•  National  security 

•  World  leadership  and  cooperation  in  science,  mathematics  and  engineering 

Success  in  each  area  will  depend  on  advances  in  fundamental  science,  continuing 
technological  innovations,  and  responsible  governance. 

Scientific  knowledge  is  the  key  to  the  future.    America's  future  demands  an 
expanding  knowledge  base,  which  requires  investment  in  our  people,  institutions,  and  ideas  ~ 
shared  broadly  with  our  global  partners.    Science  lies  at  the  heart  of  that  investment  —  it  is  an 
endless  and  sustainable  resource  with  extraordinary  dividends. 

The  public  will  receive  a  substantial  return  on  this  investment.    While  there  is  much 
room  for  uncertainty  in  measuring  the  impact  of  federal  research  spending,  repeated  studies 
suggest  that  the  payoff  to  the  Nation's  economic  welfare  is  great.    The  private  rate  of  return 
on  research  and  development  spending  —  meaning  the  return  to  the  firm  performing  the 
research  and  development  -  averages  about  20  to  30  percent.    But  the  social  rate  of  return  — 
including  spillovers  to  other  firms  and  customers  —  averages  about  50  percent,  or  twice  as 
high. 

The  nation's  commitment  to  world  leadership  in  science,  engineering,  and 
mathematics  created  the  world's  leading  scientific  enterprise,  whether  measured  in  terms  of 
discoveries,  citations,  awards  and  prizes,  advanced  education,  or  contributions  to  industrial 
and  informational  innovation.    Our  scientific  strength  is  a  treasure  we  must  sustain  and  build 
on  for  the  future. 

Technology  is  the  engine  of  economic  growth.    Over  the  past  50  years,  at  least  a 
quarter  of  U.S.  economic  growth  —  possibly  as  much  as  half  —  came  from  new  technology 
built  upon  earlier  fundamental  discoveries.    These  advances  created  millions  of  good  new 
jobs,  a  cleaner  environment,  better  health  and  longer  lives,  new  opportunities  for  individuals, 
and  enrichment  of  our  lives  in  ways  we  could  not  imagine  half-a-century  ago.    For  example: 
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•  Early  investments  in  ARPANet,  the  first  national  computer  network,  have  brought  us 
to  the  25th  anniversary  of  the  Internet,  a  prototype  of  the  Global  Information 
Infrastructure.    When  it  started  out,  ARPANet  could  transmit  only  56,000  bits  of  data 
Ijer  second.   Today  networks  using  technology  several  generations  more  advanced 
routinely  transmit  45  million  bits  a  second  -  ahnost  a  thousand  times  faster.   The 
federal  government  provided  a  relatively  small  catalyst  (a  few  tens  of  millions  of 
dollars  annually)  that  has  been  matched  several  times  over  by  private-sector 
investment  in  the  Internet.   The  federal  government  deliberately  set  out  to 
commercialize  and  privatize  the  Internet.   Today  dozens  of  companies  are  investing 
millions  of  dollars  and  competing  to  provide  Internet  connections  and  new  services  to 
the  tens  of  millions  of  Internet  users  around  the  world. 

•  Public  investments  in  biomedical  research  spawned  a  multi-faceted  biotechnology 
industry  that  already  accounts  for  100,000  jobs  and  $8  billion  in  annual  sales.    We 
owe  extraordinary  advances  in  agriculture  and  in  chemical  and  pharmaceuticals 
processing  —  as  well  as  our  ability  to  capture  large  markets  in  health  care  and  other 
industries  —  to  fundamental  research  in  molecular  biology  and  applied  research  and 
development  of  advanced  instnmientation  funded  by  the  U.S.  government. 

Our  vision  is  of  long-term  economic  growth  that  creates  jobs  while  improving  and 
sustaining  the  environment. 

Responsible  government  advances  science  and  technology.   Government  is  an 
essential  actor  in  making  sure  science  and  technology  help  the  Nation  reach  its  goals.    Only 
the  federal  government  can  bring  the  benefits  of  science  and  technology  to  nonmarket  areas, 
such  as  national  defense,  education  and  training,  environmental  quality,  global  health  threats, 
or  world-class  fundamental  scientific  research. 

A  government  role  also  is  vital  in  promoting,  in  partnership  with  the  private  sector, 
those  technologies  critical  to  economic  growth  and  to  the  creation  of  good  jobs  that  cannot 
attract  sufficient  private  investment.    The  U.S.  government  always  has  stepped  up  to  this 
task.    For  example,  federal  investment  in  agriculmral  science  and  technology  made  it  possible 
for  our  farmers  to  feed  us  and  much  of  the  world  -  and  do  it  profitably.    Our  investments  in 
aeronautics  helped  U.S.  companies  capture  global  markets  for  aircraft  and  make  air  travel 
accessible  to  most  Americans.    We  cannot  walk  away  from  our  responsibility  to  ensure 
similar  advantages  are  available  to  future  generations. 

A  regulatory  and  economic  environment  favorable  to  capital  formation  and  private- 
sector  investment  in  research  and  development  also  is  essential  to  advances  in  science  and 
technology.   To  encourage  private  investment,  the  Administration  has  supported: 

•  extension  of  the  research  and  experimentation  tax  credit; 

•  reduced  capital  gains  taxes  for  small  businesses; 

•  reduced  antitrust  barriers  to  the  formation  of  joint  production  ventures; 


•  transfer  to  the  private  sector  of  a  portion  of  the  radio  frequency  spectrum  previously 
used  by  federal  agencies  and  competitive  bidding  on  new  licenses; 

•  liberalization  of  controls  on  the  export  of  computers,  telecommimications,  and  other 
technologically  sophisticated  equipment; 

•  bilateral  and  multilateral  trade  agreements  that  expand  access  to  foreign  markets  for 
America's  high-tech  companies. 

As  with  all  aspects  of  governance,  however,  we  milSl  make  our  science  and 
technology  programs  work  better  and  cost  less.   We  are  already  acting  on  this  conviction,  as 
you  can  see  in  the  reinvention  efforts  at  NASA.   That  agency's  1950's-style  infrastructure 
will  be  brought  into  the  information  age  -  at  a  likely  savings  of  billions  of  dollars  and 
thousands  of  government  jobs. 

We  have  made  an  excellent  start  on  this  effort  on  a  government-wide  basis  with  the 
National  Science  and  Technology  Council  (NSTC).   The  NSTC  is  a  virtual  department  -  a 
coalition  of  agencies  that  coordinate  their  efforts,  divide  tasks,  and  share  resources  to  advance 
science  and  technology.    This  mechanism  for  direct  communication  between  agencies  cuts 
through  bureaucracy  and  encourages  the  identification  and  coordinated  pursuit  of  conmion 
goals  and  objectives. 

The  NSTC  process  led  to  a  decision  to  converge  the  polar  orbiting  environmental 
satellite  systems  of  the  Departments  of  Defense  and  Commerce.   This  decision  alone  should 
save  the  American  taxpayer  several  hundred  million  dollars  by  the  turn  of  the  century. 
Another  Presidential  Decision  issued  in  1994  directed  continuation  of  the  Landsat  remote 
sensing  satellite  program  and  restructured  federal  agency  responsibilities  for  acquiring  and 
operating  the  next  satellite  (Landsat-7).   That  decision  ensures  the  continuity  and  availability 
of  the  Landsat  remote  sensing  capability  which  is  used  for  civil,  commercial  and  national 
security  purposes.    A  third  NSTC  Presidential  Decision  articulated  the  new  national  space 
transportation  policy  and  established  clearly  delineated  roles  and  responsibilities  for  the 
principal  agencies. 

The  NSTC  is  hard  at  work  on  science  and  technology  initiatives  designed  to  - 
strengthen  America's  middle  class.    Our  priorities  include  a  healthy  economy,  global 
stability,  and  a  cost-effective  government.    We  have  developed  a  conservative  investment 
portfolio  that  balances  the  need  for  deficit  reduction  and  immediate  benefits  for  our  citizens 
with  the  need  to  make  long  term  investments  in  our  country's  future. 

S&T  Priorities  in  a  Dynamic  Economy 

America's  welfare  hinges  as  never  before  on  the  way  we  manage  the  opportunities  and 
the  hazards  of  new  concepts  in  science  and  technology.   We  have  sustained  our  conunitment 
to  a  strong  fundamental  science  base  and  to  science  and  technology  in  support  of  our  national 
security  strategy.    We  now  recognize,  however,  that  national  security  depends  on  a  globally 
competitive  economy  that  creates  jobs  and  protects  the  environment  as  well  as  military 


strength.    And  we  intend  to  use  science  and  technology  to  make  government  work  better  and 
cost  less. 

Commitment  to  Fundamental  Science.     Science  provides  an  endless  frontier  of 
inquiry.    Advancing  that  frontier  feeds  our  sense  of  adventure  and  our  passion  for  discovery. 
The  unfolding  secrets  of  namre  provide  new  knowledge  to  address  crucial  challenges,  often  in 
unpredictable  ways.   These  include  improving  human  health,  creating  breakthrough 
technologies  that  lead  to  new  industries  and  high  quality  jobs,  meeting  our  national  security 
needs,  protecting  and  restoring  the  local,  regional,  and  global  environment,  and  feeding  and 
providing  energy  for  a  growing  population.    Science  is  a  critical  investment  in  the  national 
interest,  and  we  have  pledged  to: 

•  maintain  leadership  across  the  frontiers  of  scientific  knowledge; 

•  enhance  connections  between  fundamental  research  and  national  goals,  such  as 
economic  prosperity,  national  security,  health,  and  environmental  responsibility; 

•  stimulate  partnerships  that  promote  investments  in  fundamental  science  and 
engineering  and  effective  use  of  physical,  himian,  and  financial  resources; 

•  produce  the  finest  scientists  and  engineers  for  the  twenty -first  century;  and 

•  raise  scientific  and  technological  literacy  of  all  Americans. 

Commitment  to  National  Security.    Science  and  technology  support  the 
Administration's  national  security  strategy  in  three  important  ways. 

•  Advances  in  science  and  technology  ensure  the  technological  superiority  essential  to 
maintaining  our  unparalleled  military  capabilities. 

•  A  vibrant,  dual-use  high  technology  industrial  sector  enhances  our  national  economic 
strength  while  also  providing  the  technological  base  for  advanced  military  capabilities. 

•  Technology  is  central  to  our  efforts  to:    prevent  and  counter  the  proliferation  of 
weapons  of  mass  destruction  and  the  means  of  their  delivery;  verify  and  monitor 
existing  and  prospective  arms  control  agreements;  and  ensure  the  safety  and  reliability 
of  our  reduced  nuclear  weapons  stockpile. 

A  strong  domestic  science  base  supporting  a  robust  national  security  science  and 
technology  program  is  critical  to  preserving  technological  advantage.    OSTP  addressed  this 
issue  in  the  National  Critical  Technologies  Report  released  last  week.   The  report  details  the 
current  competitive  position  of  the  United  States  relative  to  Japan  and  relative  to  Europe  for 
each  of  27  principal  critical  technology  areas  (from  the  broad  areas  of:    1)  information  and 
conmiunications;  2)  "living  systems;"  3)  environmental  quality;  4)  energy;  5)  transportation; 
6)  manufacturing;  and  7)  materials).    Overall  the  report  shows  the  United  States  at  parity 
with,  or  ahead  of  the  positions  of  Europe  and  Japan  in  all  areas.    The  report  also  shows, 
however,  that  the  rate  of  progress  is  greater  in  Japan  and  Europe  -  meaning  our  tenuous  lead 
is  shrinking  in  the  midst  of  proposals  to  gut  the  core  of  our  strategy  to  preserve  American 
preeminence. 
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Our  strategy  to  retain  our  lead  in  these  critical  technologies  is  to  apply  resources 
broadly  at  the  basic  research  level  and  make  further  investment  decisions  as  emerging 
technologies  reveal  the  most  promising  payoff  areas.    Many  of  the  technologies  we  need  for 
advanced  military  capabilities  are  available  in  the  commercial  sector,  and  in  some  cases  they 
are  more  advanced  and  cost  less.   We  are  working  to  enhance  our  relationship  with  private 
industry  through  partnerships  that  enable  us  to  access  and  capitalize  on  those  commercial 
technologies  that  offer  the  greatest  military  application.   The  long-term  payoff  will  be  better 
military  capabilities  at  lower  cost,  and  a  strengthened  economy. 

Science  and  technology  play  key  parts  in  our  national  strategy  to  stem  the 
proliferation  of  weapons  of  mass  destruction  and  their  means  of  delivery.     Verification  and 
monitoring  of  compliance  with  arms  control  agreements  is  made  possible  by  unique  abilities 
provided  by  American  basic  and  applied  science  in  fields  as  diverse  as  chemistry,  optics,  and 
solid  state  physics.   Technology  also  supports  our  policy  goals  of  discouraging  accumulation 
of  weapons  usable  fissile  materials,  strengthening  controls  on  those  materials,  and  reducing 
global  stocks.    Science  and  technology  also  make  vital  contributions  to  the  safe  stewardship 
of  our  own  nuclear  weapons.    We  have  structured  a  science -based  stockpile  stewardship 
program  that  will  apply  scientific  understanding,  predictive  capability  experiments,  and 
simulation  to  ensure  the  safety,  security,  and  reliability  of  our  enduring  nuclear  stockpile. 

Commitment  to  a  Healthy  Economy.      Our  Nation  faces  significant  economic 
challenges.    Markets  are  global,  competition  is  fierce,  technological  change  is  swift  and 
unabating.    Meeting  these  challenges  requires  a  strategy  to  equip  American  companies  and 
workers  to  compete  successfiilly  in  the  21st  century  economy.    We  have  assigned  high 
priority  to  developing  the  information  infrastructure  necessary  to  compete  in  the  global 
economy,  to  enabling  American  manufacturers  to  produce  globally  competitive  products  that 
meet  environmental  goals,  and  to  preparing  the  workforce  for  the  high-wage,  high-skill  jobs 
of  tomorrow. 

•     Information  Technology.      Our  Nation  leads  the  world  in  developing  and  applying 
information  technology  that  is  revolutionizing  the  way  we  live,  learn,  and  work. 
Because  of  the  strategic  value  of  these  technologies  and  their  role  in  fostering 
economic  growth,  nations  around  the  globe  are  investing  heavily  in  the  development 
and  deployment  of  computer  systems  and  telecommunications  networks.    Our  vision 
for  federal  investment  in  information  technology  is  to  accelerate  the  evolution  of 
existing  technology  and  to  nurture  innovation  that  will  enable  its  universal,  accessible, 
and  affordable  application  to  enhance  America's  economic  and  national  security  in  the 
21st  cenmry. 

President  Clinton  and  Vice  President  Gore  have  made  development  the  National 
Information  Infrastructure  (Nil)  at  top  priority  because  they  believe  that  access  to 
advanced  computing  and  communications  technologies  can  dramatically  improve  the 
quality  of  life  for  every  American.    The  Nil  will: 
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•  Provide  better  access  to  health  care. 

•  Make  American  workers  more  productive. 

•  Help  our  children  learn. 

•  Make  government  more  efficient. 

•  Create  millions  of  new,  high-paying  jobs. 

•  Provide  us  all  with  instant  access  to  a  huge  variety  of  information  and 
entertainment. 

As  you  and  I  have  discussed,  Mr.  Chairman,  the  information  highway  is  a  great 
equalizer.    One  of  my  favorite  cartoons  shows  two  dogs  in  front  of  a  computer,  with 
one  saying  to  the  other,  "On  the  Internet,  nobody  knows  you're  a  dog."    And  it's 
true.    The  information  age  means  that  what  you  know  and  how  hard  you  work  count 
for  a  lot  more  than  who  you  know  and  where  you  came  from. 

Rural  states  will  compete  more  readily  with  urban  states  as  the  information  age 
progresses  if  we  take  care  to  ensure  equality  of  access.    This  committee  has  been  a 
leader  in  telecommunications  reform,  and  the  Administration  looks  forward  to 
continued  cooperation  on  an  issue  essential  to  the  health  of  America's  middle  class. 

Manufacturing  Technology.     The  government  is  partnering  with  industry  in  a 
variety  of  industry-led  research  and  development  initiatives,  including 
microelectronics,  electronics  manufacturing,  aeronautics,  and  biotechnology.   These 
initiatives  combine  goals  of  competitiveness  and  economic  growth  with  public  benefits 
of  job  creation,  environmental  protection,  improved  health  and  safety,  and  less 
dependence  on  foreign  sources  of  energy.    The  Partnership  for  a  New  Generation  of 
Vehicles  (PNGV)  is  an  example. 

PNGV  is  one  of  the  federal  government's  premiere  ventures  into  cooperative  civilian 
technology  development.    In  it,  we  are  tackling  a  technological  challenge  as  tough  as 
putting  a  man  on  the  moon  —  that  is,  to  develop  within  10  years  a  car  with  three  times 
the  efficiency  of  today's  automobiles  with  no  sacrifice  in  cost,  comfort,  or  safety.    If 
the  project  succeeds,  the  payoff  to  the  public  will  be  huge  in  terms  of  less  dependence 
on  foreign  oil  and  lower  emissions  of  greenhouse  gases.   The  project  also  holds  the 
promise  of  an  extremely  attractive  car  for  world  markets  in  the  21st  century  and  a 
thriving  U.S.  auto  industry  to  produce  them.   The  government  (in  this  case,  a 
consortium  of  seven  federal  agencies)  and  industry  (the  Big  3  automakers  ~  Ford, 
GM,  and  Chrysler  —  and  many  suppliers  of  materials  and  equipment)  are  working 
closely  on  a  cost-shared  basis  to  break  highly  challenging  technological  bottlenecks 
where  the  benefits  are  at  least  as  much  societal  as  commercial.    PNGV's  research 
priorities  are: 

•     development  of  advanced  manufacturing  techniques  that  make  it  easier  to  get 
innovations  into  the  marketplace  quickly; 
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•  use  of  new  technologies  for  near-term  improvements  in  auto  efficiency,  safety, 
and  emissions;  and 

•  research  leading  to  production  prototypes  of  vehicles,  including  such  advanced 
technologies  as  fuel  cells,  ultracapacitors,  and  hybrid  vehicle  propulsion 
systems. 

Over  the  life  of  this  partnership,  funding  will  be  shared  roughly  equally  between 
government  and  industry,  with  the  government  contributing  a  greater  share  to  basic 
research  and  to  technologically  riskier  projects,  and  industry  putting  up  the  greater 
share  as  practical  results  get  closer. 

•    Educational  Technology.     The  most  important  measure  of  success  of  this 

Administration  will  be  its  ability  to  make  improvements  in  the  lives  of  Americans. 
Few  enterprises  touch  the  lives  of  as  many  people  as  do  those  concerned  with 
education  and  training.    High-quality  education  and  training  benefit  the  individual 
whose  knowledge  and  skills  are  upgraded,  the  business  seeking  a  competitive  edge, 
and  the  Nation  in  increasing  overall  productivity  and  competitiveness  in  the  global 
marketplace.    It  is  essential  that  all  Americans  have  access  to  the  education  and 
training  they  need  and  that  the  teaching  and  learning  enterprise  itself  becomes  a  high- 
performance  activity  that  is  interesting  and  challenging  to  the  participants. 

The  President  has  placed  a  high  priority  on  upgrading  the  technology  available  in  our 
schools  and  businesses,  in  order  to  improve  education  and  training.    The 
Administration  recently  announced  a  national  program  to  help  communities  around  the 
country  incorporate  new  educational  technologies  into  their  schools.    He  has  also 
directed  that  advanced  information  technologies  developed  by  the  Defense  Department 
that  could  be  used  for  education  and  training  be  transferred  to  the  Departments  of 
Education  and  Labor  for  civilian  use.    Unfortunately  some  rescission  proposals  hit 
educational  technologies  especially  hard,  particularly  the  Star  School  program  and  the 
Technology  Learning  Challenge. 

Commitment  to  Efficient.  Cost-Effective  Government.    Science  and  technology  can 
help  this   government  serve  its  citizens  better.    One  of  the  most  important  areas  in  which 
S&T  can  contribute  is  in  regulatory  decisionmaking,  and  we  will  be  briefing  the  Vice 
President  shortly  on  ways  that  regulatory  reform  can  help  produce  a  more  conducive 
environment  for  the  conduct  of  business,  research,  and  education.    While  we  must  not  retreat 
from  our  commitments  to  ensure  the  wellbeing  of  every  American,  policies  to  address  risks 
to  public  health,  safety,  and  the  environment  must  be  fair,  effective,  and  affordable.    The 
Administration  has  taken  several  steps  to  advance  risk  analysis,  a  key  linkage  between  science 
and  policy,  including  establishing  the  following  priorities  for  investigation: 

•     Uncertainty  analyses  and  risk  characterization:    research  on  methods  for  improvement 
of  risk  characterization  and  transfer  of  scientific  information  about  risks,  and  the 
uncertainties  in  the  information,  to  decision  makers. 
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•  Criteria  and  indicators  for  ecosystem  health:  research  to  identify  criteria  and 
indicators  for  risks  to  ecological  health  and  sustainability. 

•  Human  and  ecological  exposure:   research  on  chemical,  physical,  and  biological 
stressors,  particularly  for  mixtures,  multiple  and/or  cumulative  exposures,  and 
alternative  pathways  of  exposure. 

•  Mechanisms  of  disease  &  ecological  impacts:  research  to  identify  and  predict  the 
magnitudes  of  new  ecological  risks  and  noncancer  human  health  effects  and  to 
understand  better  the  biological  effects  of  carcinogens  at  very  low  doses. 

The  Administration  is  working  within  and  across  agencies  to  improve  the  methods  by 
which  risks  are  evaluated  and  the  ways  in  which  the  resulting  information  is  integrated  with 
economic,  social,  and  other  considerations  in  making  decisions  that  will  ensure  the 
appropriate  and  effective  protection  of  public  health,  safety,  and  the  environment. 

These  examples  of  the  Administration's  S&T  priorities  illustrate  the  critical  roles 
science  and  technology  play  in  our  society.      We  have  produced  a  science  and  technology 
program  that,  within  the  spending  limits  established  by  the  new  covenant  with  America, 
ensures  a  better  world  for  our  children  and  their  children.   We  have  integrated  federal 
science  and  technology  programs  with  efforts  in  the  private  sector  and  internationally  in  order 
to  maintain  a  strong,  vibrant,  sustainable  economy. 

Are  We  Ants  or  Grasshoppers? 

Mr.  Chairman,  all  of  us  need  periodic  reminders  about  the  necessity  to  invest  for  the 
future,  but  this  country  has  an  excellent  track  record  of  using  science  and  technology 
investments  to  do  just  that.    Our  global  competitors  in  defense,  aeronautics,  medical  devices, 
pharmaceuticals,  and  computers  have  learned  from  our  example.    They  now  make  similar  or 
greater  investments. 

The  charts  attached  to  this  statement  provide  some  R&D  spending  data  shown  in  terms 
of  investment  as  a  percentage  of  GDP,  which  helps  us  compare  nations.    This  is  similar  to 
comparing  IBM  with  much  smaller  companies.    IBM  invests  in  R&D  as  a  percent  of- sales  to 
support  a  big  business.    Small  companies  also  invest  a  similar  percent  of  sales  in  research  and 
development. 

The  United  States  supports  an  almost  $6  billion  economy.    On  the  other  hand,  Japan 
had  a  $2.5  billion  economy  in  1993. 

As  you  can  see  from  the  charts,  the  U.S.  still  leads  the  world  in  total  dollars  spent  on 
research  and  development.    However,  Germany  and  Japan  equal  or  surpass  our  level  of 
spending  as  a  percent  of  GDP.   As  you  can  also  see,  they  are  far  ahead  of  us  in  nondefense 
R&D  spending. 
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Our  competitors  are  becoming  more  and  more  like  Aesop's  fabled  Ants,  who  put 
aside  some  seed  com  for  a  cold,  rainy  day.   We  did  that  ourselves  for  many  years.    The 
federal  government  saw  opportunities  to  invest  in  a  better  future,  persevered  in  those 
investments,  and  reaped  ample  reward:    For  example: 

•  Fiber  optics  was  a  germ  of  an  idea  in  an  obscure  area  of  basic  physics  in  1966  but 
now  carry  most  U.S.  long-distance  telecommunications. 

•  The  Global  Positioning  System  represents  a  confluence  of  basic  research  in  physics, 
software,  communications,  and  high-speed  electronics.    First  developed  for  military 
purposes,  it  is  now  rapidly  expanding  into  conunercial  markets  for  navigation  and  air 
safety  and  monitoring  Earth's  large  scale  ecosystems. 

•  Severe  weather  prediction  emerged  from  the  integration  of  space  platforms,  immense 
computing  power,  and  continued  atmospheric  science  research  to  help  prevent  loss  of 
life  and  property. 

•  DNA  testing  resulted  from  decades  of  basic  research  in  molecular  biology  and 
computer  science  and  now  provides  a  way  to  identify  people  in  the  best  of  times  —  for 
example,  reuniting  families  after  the  civil  unrest  in  Argentina  -  and  in  the  worst  of 
times  ~  for  example,  associating  suspects  with  crimes. 

But  I  fear  we  may  become  like  Aesop's  Grasshopper,  who  sang  the  Summer  away.    In 
unison  we  sing  "less  government,  lower  taxes,"  but  there's  dissonance  when  we  try  to  talk 
about  preparing  for  the  fumre,  about  putting  something  aside  for  our  children  and 
grandchildren.    We  must  find  some  harmony,  Mr.  Chairman. 

Scientific  knowledge  is  the  key  to  the  fumre.    Technology  is  the  engine  of  economic 
growth.    Together,  science  and  technology  build  new  businesses,  provide  good  jobs,  improve 
health  and  the  quality  of  education,  and  protect  us  from  threats  as  diverse  as  environmental 
degradation  and  military  force. 

American  mastery  of  science  and  technology  will  largely  determine  whether  our 
citizens  capture  new  opportunities  —  good  jobs,  a  higher  quality  of  life  —  and  continue  to 
enjoy  basic  amenities,  including  safe  and  affordable  food  and  shelter.     Innovations  in  myriad 
products  and  processes  Americans  count  on  for  a  better  life,  such  as  heart  surgery, 
computing,  and  electric  lighting,  stem  from  scientific  advances.  The  investments  we  make 
today  in  basic  and  applied  research  will  assure  the  continuous  flow  of  knowledge  needed  to 
develop  new  technologies  for  the  future. 

The  federal  government  plays  a  crucial  role  in  ensuring  American  leadership  in 
science  and  technology.   The  Nation's  world  leadership  in  science,  mathematics,  and 
engineering  fundamentally  derives  from  federal  sponsorship.    Federal  research  investments 
led  directly  to  the  technological  leadership  of  U.S.  firms  in  agriculture,  aeronautics, 
semiconductors,  computers,  communications,  pharmaceuticals,  and  scores  of  other  critical 
areas. 
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We  remain  convinced  that:    1)  the  Nation's  future  depends  on  advances  in  science  and 
technology;  and  2)  federal  investment  in  research  and  development  is  an  essential  catalyst  for 
such  advances.   The  Administration  is  determined  to  continue  investments  in  the  future 
despite  fiscal  pressures  today.    We  want  to  work  with  you  in  achieving  this  objective. 


-  11  - 
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TOTAL  EXPENDITURE  ON  R&D 

US$   millions.   1992 
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National  Spending  on  R&D 

(Percent  of  GDP) 
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National  Spending  on  Non-Defense  R&D 

(Percent  of  GDP) 
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Senator  Burns.  Dr.  Lane,  and  thank  you  for  coming  this  morn- 
ing. 

STATEMENT  OF  NEAL  F.  LANE,  DIRECTOR,  NATIONAL 
SCIENCE  FOUNDATION 

Dr.  Lane.  Thank  you,  Mr.  Chairman,  Senator  Rockefeller. 

I  very  much  appreciate  the  opportunity  to  appear  before  you 
today  to  discuss  the  National  Science  Foundation's  budget  propos- 
als toT  fiscal  year  1996,  and  our  role  for  preparing  America  for  the 
new  millennium  and  beyond. 

With  your  permission,  I  will  briefly  summarize  my  testimony  and 
my  remarks. 

Senator  Burns.  By  the  way,  both  of  your  prepared  statements 
will  be  entered  into  the  record. 

Dr.  Lane.  Thank  you,  Mr.  Chairman. 

The  NSF  was  established  in  1950,  5  years  after  the  close  of  the 
Second  World  War.  So  just  5  years  from  now, 

NSF  will  turn  50.  So  as  a  grandfather,  and  a  bit  older  than  50, 
NSF  seems  a  quite  young  institution,  certainly  a  young  institution 
in  spirit  and  promise. 

As  all  of  you  know,  the  creation  of  the  NSF  in  1950  was  largely 
the  result  of  the  public  realization  of  the  value  of  research  and  de- 
velopment in  achieving  national  objectives. 

The  NSF  was  charged  with  fostering  first-rate  fundamental  re- 
search throughout  the  Nation  and  promoting  education  and  train- 
ing in  science  and  engineering. 

There  is  a  general  consensus  among  economists  and  policy  re- 
searchers that  public  investments  in  science  and  engineering  yield 
very  high  annual  rates  of  return  to  society,  as  Dr.  Gibbons  had  in- 
dicated. 

The  activities  supported  by  NSF,  mainly  fundamental  research 
and  education,  based  at  academic  institutions,  are  generally  viewed 
as  among  the  most  productive  of  all  Federal  investments. 

To  tfike  an  example  recently  in  the  news,  NSF-sponsored  re- 
search on  gain  theory  and  mathematical  economics  research  has 
generated  a  set  of  rules  for  simultaneous  multiple-round  option 
that  maximizes  the  value  of  bids  for  public  goods. 

This  technique  was  recently  used  by  the  FCC  to  auction  licenses 
for  the  radio  spectrum.  The  bids  were  more  than  30  percent  higher 
than  those  anticipated,  using  the  traditional  option  techniques. 

Confidence  and  a  high  rate  of  return  on  investments  and  re- 
search underlies  the  administration's  budget  request  for  the  NSF, 
a  request  for  $3.36  billion  in  1996.  This  is  an  increase  of  3  percent 
over  1995,  and  a  very  good  budget  in  these  tough  times. 

Our  budget  request  is  guided  in  philosophy  and  principle  by  our 
recently  completed  strategic  plan,  entitled  "NSF  in  a  Changing 
World." 

The  plan  sets  three  long-range  goals  for  NSF,  which  I  will  abbre- 
viate as  world  leadership,  knowledge  in  service  to  society,  and  ex- 
cellence in  education  at  all  levels. 

Let  me  highlight  each  very  briefly.  World  leadership  in  scientific 
research  and  learning  does  not  naively  assume  that  only  America 
has  top-notch  scientists.  Rather,  it  is  a  goal  to  articulate  the  need 
of  our  nation  to  be  on  the  cutting  edge  in  all-important  fields. 
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We  cannot  expect  to  win  all  the  Nobel  prizes,  but  we  should  win 
many,  and  we  should  aspire  always  to  be  a  major  player  in  all 
fields,  because  you  never  know  where  the  discoveries  will  occur. 

The  second  goal,  scientific  knowledge  in  service  to  society,  recog- 
nizes that  we  live  in  a  world  powered  by  science  and  technology; 
thus,  we  cannot  afford  to  hold  science  separate  and  autonomous 
from  our  daily  lives. 

Our  nation,  indeed,  every  society  has  real  needs  and  real  prob- 
lems, and  science  must  toil  in  those  trenches  as  a  partner  in  find- 
ing solutions. 

Progress  toward  these  first  two  goals,  world  leadership  and 
knowledge  in  service  to  society,  presents  us  with  the  third  goal,  ex- 
cellence in  education  at  all  levels  for  a  technologically  literate  soci- 
ety. 

Science  education  in  our  schools  should  strive  to  make  students 
not  only  science  conversant,  but  also  science  participatory.  Within 
this  framework,  I  would  like  to  describe  briefly  how  we  carry  out 
some  of  our  research  and  education  activities. 

As  you  know,  NSF  is  the  principal  source  of  Federal  support  for 
fundamental  research  in  America's  academic  institutions  in  the 
science  and  engineering  disciplines,  excluding  biomedical  science, 
where  NIH,  of  course,  has  the  lead. 

For  example,  we  support  over  half  of  the  research  in  computer 
science  conducted  at  our  academic  institutions.  We  also  support 
over  half  of  the  research  in  mathematics,  and  nearly  half  of  the 
non-medical  life  science  research. 

We  fund  the  best  ideas  from  the  most  qualified  people,  as  judged 
by  their  peers,  who  are  experts  in  the  fields. 

Approximately  two-thirds  of  the  Foundation's  total  research  sup- 
port is  designated  for  individual  investigators  and  small-group  re- 
search projects. 

There  are  numerous  examples  of  research  that  is  assuredly  fun- 
damental that  simultaneously  holds  promise  to  address  very  cur- 
rent problems. 

The  study  of  one  of  nature's  greatest  feats  of  engineering,  the 
spider  web,  may  seem  to  be  esoteric  and  fundamental;  however,  re- 
searchers have  determined  that  the  silk  spun  by  the  golden  orb- 
weaving  spider  possesses  the  strength  of  steel  fibers  while  also 
being  stretchable. 

The  process  by  which  the  spider  spins  silk,  unlikely  as  it  may 
seem,  holds  promise  for  yielding  environmentally  benign  manufac- 
turing techniques  for  industrial  fibers.  This  research  spans  the 
fields  of  biotechnology,  materials,  and  manufacturing. 

Today,  the  Foundation  has  many  diverse  mechanisms  for  sup- 
porting research  and  education,  always  with  the  objective  to  create 
connections. 

In  addition  to  our  emphasis  on  individual  investigators,  our 
broad  portfolio  of  mechanisms  includes  Industry -University  Cooper- 
ative Research  Centers,  Engineering  Research  Centers,  Science  and 
Technology  Centers,  Minority  Research  Centers  of  Excellence,  and 
Long-Term  Ecological  Research  Sites,  to  name  only  a  few. 

NSF  also  supports  the  construction  and  operation  of  a  number  of 
highly  specialized  national  research  facilities,  such  as  the  GEMINI 
telescopes,  the  Laser  Interferometer  Gravitational  Wave  Observ- 
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atory,  which  we  call  LIGO,  the  Cornell  Electron  Storage  Ring,  and 
the  Cornell  High  Energy  Syncrotron  Source,  a  fleet  of  academic  re- 
search vessels  and  a  network  of  astronomy  observatories,  soon  to 
be  joined  by  the  GEMINI  telescopes. 

In  recent  years,  the  NSF  portfolio  has  evolved  even  further,  by 
emphasizing  tiie  special  perspective  and  advantages  of  inter- 
disciplinary fundamental  research  and  education.  One  mechanism 
for  accomplishing  this  multi-faceted  approach  is  by  identifying 
areas  of  national  needs,  sometimes  called  strategic  areas. 

Our  directorates  give  straightforward  focused  attention  to  main- 
taining the  health  of  science  and  engineering  disciplines,  chem- 
istry, Diology,  economics,  and  so  forth.  However,  thinking  of  re- 
search and  education  in  only  disciplinary  ways  leads  to  a  separa- 
tion that  in  the  real  world  of  science  and  engineering  simply  does 
not  exist. 

So  by  defining  interdisciplinary  areas,  such  as  environmental 
and  global  change  research,  research  on  materials  or  biotechnology, 
we  are  able  to  underscore  the  fact  that  in  nature,  science  and  engi- 
neering is  integrated  and  interwoven. 

That  is  the  way  the  world  really  works.  So  this  approach  gives 
a  panoramic  vision  to  see  and  help  solve  some  of  the  problems  soci- 
ety is  facing. 

As  I  mentioned  earlier,  the  NSF  is  one  of  the  few  principal  Fed- 
eral agencies  tasked  with  improving  science  and  math  education 
for  all  students,  K  through  12,  at  the  undergraduate  level,  and,  of 
course,  at  the  graduate  level. 

Our  most  recent  initiatives  are  designed  to  create  system-wide 
reforms  at  state,  city,  and  regional  levels.  But  we  deliberately  have 
adopted  a  systemic  approach  to  avoid  fragmented  changes  within 
a  single  subject  matter  or  individual  school. 

These  programs  primarily  come  under  our  directorate  for  edu- 
cation and  human  resources,  but  also  include  activities  in  other  di- 
rectorates as  well. 

Within  the  10-year  period,  from  1986  to  1996,  the  Education  and 
Human  Resources  Directorate  has  received  steady  and  rapidlv  in- 
creasing funding.  The  budget  in  1987  was  just  over  $100  million, 
and  in  1995,  it  is  roughly  $600  million.  The  current  figure  is  ap- 
proximately one-fiflh  of  the  Foundation's  budget. 

Before  concluding  my  testimony,  I  would  like  to  mention  very 
briefly  the  Foundation's  efforts  at  management  and  performance. 
We  are  working  hard  to  implement  the  Government  Performance 
and  Results  Act. 

It  requires  us  to  develop  a  strategic  plan,  which  we  are  doing; 
have,  in  fact,  published  one  such  version.  In  addition,  we  are  re- 
quired to  devise  methods  for  measuring  performance  toward  goals. 

Measuring  performance  is  nothing  new  for  NSF.  We  have  applied 
merit  review  with  peer  evaluation  to  everything  that  we  have  been 
doing  in  the  areas  of  research  and  education,  but  reviewing  how 
well  we  do  that  job  is  a  real  challenge,  and  we  are  looking  for  new 
ways  to  do  that. 

This  time  of  change  is  exhilarating  for  the  National  Science 
Foundation.  We  believe  we  have  a  clear-cut  vision  of  where  we 
need  to  go  and  an  orderly  path  to  pursue,  and  we  are  confident  of 
the  goals  that  we  set,  and  are  willing  to  let  them  take  us  into  un- 
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chartered  territory,  because,  in  our  view,  that  is  where  the  new  op- 
portunities lie. 

That  concludes  our  oral  remarks,  Mr.  Chairman.  Thank  you  very 
much. 

Senator  Burns.  Thank  you.  Dr.  Lane. 

[The  prepared  statement  of  Dr.  Lane  follows:] 
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REMARKS  BY 

DR.  NEAL  LANE 

DIRECTOR,  NATIONAL  SCIENCE  FOUNDATION 

BEFORE  THE 

SUBCOMMITTEE  ON  SCIENCE,  TECHNOLOGY,  AND  SPACE 

COMMITTEE  ON  COMMERCE,  SCIENCE,  AND  TRANSPORTATION 

UNITED  STATES  SENATE 

MARCH  30, 1995 


Chairman  Burns  and  Senator  Rockefeller,  I  very  much  appreciate  the  opportunity  to  appear  before 
you  today  to  discuss  the  reauthorization  of  the  National  Science  Foundation,  our  budget  proposals 
for  fiscal  year  1996,  and  our  role  in  prepanng  Amenca  for  the  new  millennium  and  beyond.  This 
subcommittee  has  consistently  and  generously  supported  the  activities  of  the  National  Science 
Foundation  and  for  that,  I  want  to  express  my  heartfelt  appreciation. 

We  have  recently  submitted  our  draft  authorization  bill  to  the  Committee.  The  draft  bill  contains  an 
authorization  proposal  that  is  consistent  with  our  budget  request  and  a  number  of  technical 
amendments  to  our  organic  act  that  would  help  improve  the  Foundation's  operations.  We  look 
forward  to  working  with  the  Committee  toward  its  enactment. 

A  CONTEXT  FOR  THE  NATIONAL  SCIENCE  FOUNDATION 

I  hope  that  my  testimony  today  will  elucidate  both  the  philosophy  and  the  value  of  the  activities  of 
the  National  Science  Foundation  to  the  nation.  The  NSF  was  established  in  1950,  5  years  after 
the  close  of  the  Second  World  War.  At  the  turn  of  this  century,  in  the  year  2000,  just  five  years 
from  now,  the  NSF  will  turn  50.  As  someone  who  is  a  bit  older  than  50  and  a  grandfather,  the 
NSF  seems  to  me  quite  a  young  institution.  It  is  certainly  young  in  spirit. 

Nevertheless,  in  its  short  institutional  life,  the  NSF  has  played  a  critical  role  in  helping  Amenca 
establish  preeminence  in  science.  Today,  the  NSF  has  an  important  responsibility  for 
safeguarding  and  enhancing  the  nation's  scientific  future. 

There  is  general  consensus  among  economists  and  policy  researchers  that  public  investments  in 
science  and  engineering  yield  very  high  annual  rates  of  return  to  society  (i.e.,  well  over  20 
percent).  At  a  recent  conference  conducted  jointly  by  the  American  Enterprise  Institute  and  the 
Brookings  Institution,  many  top  researchers,  including  former  Council  of  Economic  Advisers 
Chairs  Michael  Boskin  and  Charles  Schultze,  agreed  that  research  and  development  have  a 
significant  and  important  positive  effect  on  economic  growth  and  living  standards.  Furthermore, 
the  activities  supported  by  the  NSF  -  namely  fundamental  research  and  education  based  at 
academic  institutions  -  are  generally  viewed  as  among  the  most  productive  of  all  federal 
Investments. 

Mr.  Chairman,  we  are  the  only  federal  agency  mandated  to  promote  the  health  of  science  and 
engineering  generally  across  all  disciplines.  We  take  that  responsibility  very  seriously. 
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The  noted  historian,  Jacob  Bronowski,  wrote  in  his  seminal  work,  The  Ascent  of  Man,  (quote) 
"The  world  today  is  made,  it  is  powered  by  science."  (end  quote)  It  was  the  deliberate  application 
of  science  to  technology  on  a  broad  scale,  stimulated  by  World  War  II  and  the  post-war  years,  that 
led  policy  makers  as  well  as  scholars  to  recognize  science  as  a  powerful  tool  in  the  development 
of  society. 

This  is  not  to  say  that  science  was  irrelevant  to  the  intellectual,  industrial,  or  cultural  life  of 
civilization  previously.  The  science  curve  began  several  millennia  before  the  birth  of  Christ.  And 
we  all  learned  in  school  about  the  great  achievements  of  the  Greeks  in  advancing  scientific 
thought.  It  is  clear,  however,  that  the  war  and  the  broad  technological  expansion  after  the  war 
placed  science  in  a  new  and  central  role  in  our  society,  fueling  economic  development  and 
improving  health  and  well-being. 

As  all  of  you  know,  the  creation  of  the  NSF  in  1 950  was  largely  the  result  of  public  realization  of 
this  new  value  of  research  and  development  in  achieving  national  objectives.  The  NSF  was 
charged  with  fostenng  first-rate  fundamental  research  throughout  the  nation,  and  promoting 
education  and  training  in  science  and  engineering. 

A  dramatic  turning  point  for  the  NSF  and  the  nation  occurred  in  1957  with  the  Soviet  launch  of 
Sputnik.    Suddenly,  America  felt  an  impending  threat  of  Soviet  supremacy  in  science  and 
technology.  Sputnik  moved  the  NSF's  mission  Into  more  aggressive  focus  with  a  national  call  for 
improving  scientific  education  and  expanding  scientific  research.  To  put  this  change  into  graphic 
relief,  the  very  first  appropnation  for  the  NSF,  in  1951,  was  $225,000.  By  1966,  that  funding  figure 
had  grown  to  $480  million.  Our  programs  had  grown  from  the  initial,  small  individual  project 
grants  and  fellowships  to  a  diversity  of  grants,  contracts,  fellowships,  traineeshlps,  national 
research  programs,  information  resources,  and  data  collection  and  analysis. 

The  NSF  has  continued  to  grow  and  evolve,  in  keeping  with  the  expanding  role  of  science  in 
promoting  economic  and  social  progress.  Our  national  goals,  including  business  and  commerce, 
have  become  dependent  on  ever  more  sophisticated  science  and  technology.  Science  and 
technology  have  become  increasingly  intertwined,  each  benefiting  from  the  other  in  complex 
ways.  Universities,  industry,  and  government  have  learned  the  advantages  of  collaboration  and 
partnership. 

NSF'S  INVESTMENT  STRATEGY 

Today,  the  Administration's  request  for  FY  1996  for  the  NSF  is  $3.36  billion.  A  summary  of  our 
fiscal  year  1996  budget  request  by  appropriation  account  is  included  at  the  end  of  this  statement. 

Our  budget  request  is  guided  in  philosophy  and  principle  by  our  recently  completed  Strategic 
Plan,  entitled,  NSF  in  a  Changing  World. 

The  Plan  sets  three  long-range  goals  for  the  NSF  which  I  will  abbreviate  as: 

-  world  leadership 

-  knowledge  in  service  to  society 

-  achieving  excellence  in  education  at  all  levels 

Let  me  highlight  each  for  a  moment.  World  leadership  in  scientific  research  and  learning  does  not 
naively  assume  that  only  America  has  top-notch  scientists.  Rather,  it  is  a  goal  to  articulate  the 
need  for  our  nation  to  be  on  the  cutting-edge,  the  frontier,  in  all  important  fields.  We  cannot 
expect  to  win  all  the  Nobel  prizes,  but  we  should  win  many.  And  we  should  aspire  always  to  be  a 
major  player  in  all  fields  because  you  never  know  where  the  discoveries  will  occur.  Striving  to 
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attain  this  goal  will  help  protect  the  broadest  range  of  options  for  our  economic  and  national 
security. 

The  second  goal,  scientific  knowledge  in  service  to  society  recognizes  that  science  is  integral  to 
life  on  this  planet,  a  world  very  much  predicated  on  and  powered  by  science  and  technology 
Thus  we  cannot  afford  to  hold  science  separate  and  autonomous  from  our  daily  lives.  Our  nation, 
indeed  every  society,  has  real  needs  and  problems.  Science  must  toil  in  those  trenches  as  a 
partner  in  finding  solutions. 

Progress  toward  these  first  two  goals  -  worid  leadership,  and  knowledge  in  service  to  society  - 
presents  us  with  the  third  goal,  excellence  in  education  at  all  levels  for  a  technologically  literate 
society.  Science  education  in  our  schools  should  strive  to  make  students  not  only  science 
conversant,  but  also  science  participatory.  If  there  is  any  sure-fire  way  to  integrate  science  into 
society  it  is  to  build  science  confidence  in  young  people  through  their  own  experimentation, 
analysis,  and  questioning. 

Mr.  Chairman,  our  strategic  plan  is  an  important  mechanism  for  translating  the  Foundation's  vision 
for  the  future  into  clear-cut  objectives.  Each  of  our  individual  activities  must  move  us  toward  the 
accomplishment  of  one  of  the  three  goals.  We  view  them  as  compass  headings  that  will  keep  us 
on  course. 

Within  this  framework,  I  would  like  to  elaborate  on  how  we  carry  out  some  of  our  research  and 
education  activities. 

SUPPORT  FOR  RESEARCH  AND  EDUCATION 

As  you  well  know,  NSF  is  the  principal  source  of  federal  support  for  fundamental  research  at 
America's  academic  institutions  in  the  science  and  engineering  disciplines  (excluding  biomedical 
science  where  NIH  has  the  lead).  For  example,  we  support  56  percent  of  the  research  in 
computer  science  conducted  at  our  academic  institutions,  and  43  percent  of  the  non-medical  life 
science  research. 

Approximately  two  thirds  of  the  Foundation's  total  research  support  is  designated  for  individual 
investigators  or  small  group  research  projects.  We  fund  the  best  ideas  from  the  most  qualified 
people  -as  judged  by  their  peers,  experts  in  the  field  -  while  nurturing  future  generations  of 
scientists  and  engineers.  It  is  important  to  appreciate  that  in  carrying  out  this  role,  the  NSF  helps 
support  the  underiying  research  enterprise  that  the  various  Federal  agencies  and  private  industry 
depend  upon  to  accomplish  their  objectives. 

It  is  also  critical  for  all  of  us  to  recognize  that  although  fundamental  research,  by  its  very  nature,  is 
focused  on  the  unanswered  questions  that  defy  our  ability  to  predict  outcomes,  that  research  is 
often  initiated  or  influenced  by  a  current,  practical  problem.  The  historical  example  of  the  French 
scientist  Pasteur  Is  often  used  to  illustrate  this  point.  Pasteur  responded  to  public  health  and 
commercial  goals  throughout  his  stellar  career  in  microbiology.  Both  the  historical  record  and  the 
current  record  substantiate  the  elegant  Interdependence  in  research  of  the  quest  for  new 
knowledge  and  pragmatic  purposes. 

There  are  numerous  contemporary  examples  of  research  that  is  assuredly  fundamental  but 
simultaneously  holds  promise  to  address  very  current  problems.  The  study  of  one  of  nature's 
greatest  feats  of  engineering,  the  spider  web,  may  seem  to  be  esoteric  and  fundamental. 
However,  researchers  have  determined  that  the  silk  spun  by  the  golden  orb-weaving  spider 
possesses  the  strength  of  steel  fibers  while  also  being  stretchable.  The  process  by  which  a 
spider  spins  silk,  unlikely  as  it  may  seem,  holds  promise  of  yielding  environmentally-benign 
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manufacturing  techniques  for  industrial  fibers.  This  research  spans  the  fields  of  biotechnology, 
materials,  and  manufactunng. 

Thus,  when  the  NSF  funds  an  investigator  at  an  academic  institution,  this  support  does  not  in  any 
way  imply  that  his  or  her  particular  research  is  mutually  exclusive  of  addressing  some  national 
need  or  goal.  On  the  contrary,  the  distinctions  that  we  make  between  basic  and  applied  research 
with  our  words  and  definitions  often  do  not  exist  in  the  world  of  science  and  engineering. 

It  is  clear  that  all  federally  supported  researchers  want  to  be  doing  important  work.  Many  things 
go  into  their  determination  of  what  is  Important,  including  knowledge  of  the  frontiers  of  their  fields 
and  an  awareness  of  how  their  work  might  be  used. 

A  BALANCED  PORTFOLIO 

Today,  the  Foundation  has  many  diverse  mechanisms  for  supporting  research  and  education, 
always  with  the  objective  to  create  connections.  Each  mechanism,  in  its  own  way,  is  designed  to 
encourage  flexibility  and  to  capitalize  on  the  advantages  of  combining  research  and  education, 
which  is  a  unique  characteristic  of  the  U.S.  research  system.  Our  broad  portfolio  of  mechanisms 
includes  individual  investigators,  small  groups,  Industry-University  Cooperative  Research  Centers, 
Engineering  Research  Centers,  Science  and  Technology  Centers,  Minonty  Research  Centers  of 
Excellence,  and  Long  Term  Ecological  Research  sites  to  name  a  few. 

In  addition,  the  NSF  supports  the  construction  and  operation  of  a  number  of  unique  and  highly 
specialized  national  research  facilities  such  as  the  GEMINI  telescope,  the  Laser  Interferometer 
Gravitational  Wave  Observatory  (LIGO),  the  Cornell  Electron  Storage  Ring/  Cornell  High  Energy 
Synchrotron  Source,  a  fleet  of  academic  research  vessels,  and  a  network  of  astronomy  centers. 

These  centers  and  national  facilities  are  designed  to  address  an  identified  need  in  a  flexible  and 
comprehensive  institutional  setting.  The  goal  is  always  to  bring  a  creative  combination  of 
resources  and  personnel  to  bear  on  a  problem. 

The  various  NSF  research  centers  and  national  facilities,  along  with  the  long  established  individual 
investigator  awards,  reflect  the  flexibility  of  our  research  support  mechanisms.  In  recent  years, 
the  NSF's  portfolio  has  evolved  even  further  by  emphasizing  the  special  perspective  and 
advantages  of  interdisciplinary  fundamental  research  and  education.  One  mechanism  for 
accomplishing  this  multifaceted  approach  is  by  identifying  areas  of  national  need,  sometimes 
called  "strategic"  areas. 

These  build  on  our  traditional  Directorates  and  have  strengthened  the  flexibility  of  our  research 
and  education  support  mechanisms  to  meet  the  changing  needs  of  our  economy,  and  the  society 
in  general. 

Let  me  take  a  moment  to  explain  why  NSF  has  focused  on  research  and  education  in  these 
areas,  in  addition  to  our  traditional  emphasis  on  the  discipline-based  Directorates. 

In  our  FY  1996  budget  request,  we  have  identified  seven  interdisciplinary  areas: 

Advanced  Materials  and  Processing  research 

Biotechnology  research 

Civil  Infrastructure  Systems  research 

Environment  and  Global  Change  research 

High  Performance  Computing  and  Communications  research 

Manufacturing  Science  and  Engineering  research,  and 

Science,  Math,  Engineering,  and  Technology  Education 


27 


These  areas  extend  across  the  directorate  structure  of  the  NSF,  which  tracks  with  traditional 
disciplinary  lines.  For  example,  we  have  a  directorate  for  mathematical  and  physical  sciences, 
one  for  biological  sciences,  one  for  geosciences,  and  so  on.  Cross-cutting  areas  provide  a  way  to 
support  fundamental  research  and  education  that  requires  participation  of  more  than  one 
discipline. 

Our  Directorates  at  the  NSF  allow  us  to  give  straightforward,  focused  attention  to  maintaining  the 
health  of  our  science  and  engineering  disciplines.  Unless  we  advance  knowledge  in  the 
disciplines,  we  will  not  be  able  to  address  complex  issues  along  multi-disciplinary  lines.  On  the 
other  hand,  thinking  of  research  and  education  in  only  disciplinary  ways  leads  to  a  separation  that, 
in  the  real  world  of  science  and  engineering,  does  not  exist.  With  only  the  structure  of  the 
Directorates,  we  lose  the  opportunity  to  glimpse  the  territones  between  them  and  the  invisible 
connections  that  bind  them. 

By  using  interdisciplinary  areas,  we  are  able  to  understand  and  explore  the  world  of  science  and 
engineering  as  integrated  and  interwoven  -  the  way  in  which  it  really  works.  This  gives  us  the 
panoramic  opportunities  to  see  and  solve  problems  in  cross-cutting  approaches. 

EDUCATION  AND  HUMAN  RESOURCES 

As  I  mentioned  earlier,  the  NSF  was  established  with  two  primary  missions  -  to  insure  the  best 
research  in  science  and  engineering,  and  to  promote  excellence  in  science,  engineering,  and 
mathematics  education.  We  are,  in  fact,  a  principal  federal  institution  tasked  with  improving 
science  and  math  education  for  all  students,  both  K-12  and  at  the  undergraduate  level,  and  of 
course  at  the  graduate  level.  By  building  strong  science,  engineering,  and  math  skills  for  all 
students  throughout  their  school  careers,  we  assure  the  nation  a  technologically  literate  21st 
century  workforce  to  compete  in  the  global  marketplace. 

We  have  introduced  new  approaches  to  improving  mathematics,  science,  engineering,  and 
technology  education.  Our  most  recent  initiatives  are  designed  to  create  system-wide  reforms  at 
state,  city,  and  regional  levels.  We  deliberately  have  adopted  a  systemic  procedure  to  avoid 
fragmented  changes  within  a  single  subject  matter  or  an  individual  school. 

Our  goal  is  to  create  an  arc  of  change  within  which  educators  teach  and  students  grasp  the 
process  and  perspective  of  scientific  thinking.  It  is,  after  all,  not  the  accumulation  of  facts  that  we 
are  striving  for  but  rather  the  acuity  of  judgment,  analysis,  and  problem-solving  that  is  our  ultimate 
educational  objective. 

In  recognition  of  the  different  educational  environments  that  exist  within  our  vast  nation,  we  have 
not  proclaimed  that  one  systemic  arrangement  "fits  all."  We  have  state-wide,  urban,  and  rural 
systemic  initiatives  to  accommodate  the  unique  and  variable  environments  in  which  education 
takes  place  across  the  country. 

These  programs  primarily  come  under  our  Directorate  for  Education  and  Human  Resources 
(EHR).  Within  the  10  year  period  from  1986  - 1996,  the  Education  and  Human  Resources 
Directorate  has  received  steady  and  rapid  funding  increases.  The  budget  in  1987  was  just  over 
$100  million;  in  1995  it  is  roughly  $600  million.  The  current  figure  is  approximately  one-fifth  of  the 
Foundation's  total  budget. 

The  increased  investment  we  have  received  for  EHR  programs  over  the  last  10  years  has  allowed 
us  to  develop  many  new  and  experimental  programs.  After  a  period  of  rapid  growrth  in  any 
program,  there  is  a  concomitantly  important  time  for  examination  and  evaluation.  We  need  to 
identify  strengths  and  weaknesses  in  the  programs  in  order  to  make  improvements. 
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Now  is  the  time  to  husband  further  resources  for  these  programs  and  harness  our  best  judgment 
to  scrutinize  them.  That  is  why  you  will  see  a  distinct  funding  plateau  for  this  year's  request. 
Actually,  there  is  a  slight  decline.  This  should  not  be  interpreted  as  a  sudden  lack  of  interest  or 
phohty  in  our  commitment  to  science  and  math  education.  I  hope  you  will  recognize  this  trend  as 
wisdom  and  watchfulness. 

Our  goal  is  to  assure  that  every  child  is  prepared  to  take  science  and  math  understanding  and 
skills  from  school  into  life,  into  the  workplace,  into  the  community,  and  into  their  personal  portfolios 
for  success. 

As  an  economically  prosperous  and  competitive  nation,  we  cannot  afford  to  lose  a  single  child's 
contribution.  As  a  compassionate  nation,  we  cannot  neglect  a  single  child's  opportunity  to  learn 
and  to  live  up  to  his  or  her  highest  potential. 

Mr.  Chairman,  the  federal  government  cannot  teach  a  single  child  but  we  can  help  make  it 
possible  for  every  child  to  learn.  We  can  leverage  resources  and  promote  reform.  We  can  share 
responsibility  and  we  can  offer  opportunity.  The  NSF  is  committed  to  being  a  steadfast  partner 
with  the  states,  the  cities,  parents,  teachers,  administrators,  students  and  citizens  to  accomplish 
this  task. 

UNKING  DISCOVERY  AND  LEARNING 

Although  we  have  a  separate  Directorate  for  Education  and  Human  Resources,  we  at  the 
Foundation  recognize  that  virtually  every  NSF  program  is,  by  its  very  nature,  an  educational 
program  as  well.  We  must  be  even  more  alert  to  the  mynad  opportunities  for  capitalizing  on  the 
natural  connections  between  the  process  of  education  and  that  of  discovery. 

In  a  similar  vein,  we  must  be  more  aggressive  and  creative  to  portray  training  in  science  as  useful 
preparation  for  a  broad  array  of  professional  careers.    The  study  of  science  teaches  us  the  path 
of  critical  thinking  -  a  vehicle  for  informed  judgment.  We  live  in  a  world  where  informed  judgment 
seems  to  be  in  short  supply. 

I  believe  we  should  be  encouraging  our  students  to  broaden  their  understanding  and  expectations 
of  the  diverse  usefulness  of  their  knowledge.  After  all,  the  study  of  science  and  engineehng 
undergirds  the  fundamental  elements  on  which  much  of  contemporary  society  is  built.  The  study 
of  science  and  engineering  arms  students  with  the  knowledge  and  skills  to  be  captains  of  industry, 
leaders  in  government,  editors  of  newspapers,  film  producers,  or  stock  brokers  to  name  a  few 
possibilities. 

If  Jacob  Bronowski  was  hght  about  the  world  being  powered  by  science,  and  I  think  he  was,  then 
the  usefulness  of  research  training  is  limited  only  by  a  person's  imagination,  not  by  the  society  in 
which  he  or  she  lives.  Those  in  government  and  in  the  universities  have  a  responsibility  to 
articulate  this  philosophy.  After  all,  we  are  partly  at  fault  for  defining  science  and  engineenng  as 
esoteric  and  separate,  when  in  fact  it  is  universal  and  pervasive. 

CONCLUSION 

In  concluding  my  testimony,  I  would  like  to  mention  briefly  the  Foundation's  efforts  at  measuring 
performance.  The  Government  Performance  and  Results  Act  of  1993  requires  each  federal 
agency  to  develop  a  strategic  plan  that  describes  the  agency's  goals.  In  addition,  we  are  required 
to  devise  methods  of  measuring  our  performance  toward  those  goals. 
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At  the  same  time,  as  part  of  the  President's  Reinventing  Government  Initiative,  all  federal 
agencies  are  reexamining  their  missions.  This  includes:  addressing  the  mission  based  on 
"customer"  input;  asking  whether  the  mission  could  be  accomplished  as  well  or  better  without 
federal  involvement;  looking  for  ways  to  cut  costs  or  improve  performance  through  competition; 
and  ways  to  put  customers  first,  cut  red  tape,  and  empower  employees.  We  are  actively 
participating  in  this  effort  and  will  keep  you  fully  appraised  of  our  review. 

I  must  say  that  the  process  of  evaluating  quality  is  not  alien  to  the  NSF.  Historically,  it  has  been  at 
the  heart  of  our  mission  and  operation  in  choosing  the  best  research  to  support. 

Nevertheless,  the  task  of  developing  measures  to  monitor  our  own  performance  in  reaching  our 
goals  IS  a  formidable  challenge.  We  have  set  up  several  pilot  projects  to  road-test  prototype 
performance  measures.  It  would  be  presumptuous  to  assume  that  our  first  attempts  at  these 
judgments  will  be  on-the-mark  in  all  respects.  In  fact,  if  we  jump  to  the  conclusion  that  they  are 
perfect,  we  are  likely  missing  the  point  by  a  large  margin.  But  we  are  working  hard  to  find  ways  to 
document  our  progress. 

Let  me  conclude  with  the  wisdom  of  Alfred  North  Whitehead  who  said,  (quote)  "The  art  of 
progress  is  to  preserve  order  amid  change  and  to  preserve  change  amid  order "  (end  quote) 

This  time  of  change  is  exhilarating  for  the  National  Science  Foundation.  It  is  significant  for  us,  and 
for  all  the  nation's  institutions.  We  believe  we  have  a  clear-cut  vision  of  where  we  need  to  go,  an 
orderly  path  to  pursue.  We  are  confident  in  the  goals  we  have  set  and  are  willing  for  them  to  take 
us  into  uncharted  territory  and  new  opportunity.  We  are  taking  Alfred  North  Whitehead's 
challenge  to  heart. 

Thank  you  for  this  opportunity  to  appear  before  this  Subcommittee.  I  would  be  pleased  to  answer 
any  questions  you  may  have. 
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SUMMARY  OF  THE  FY  1996  NSF  BUDGET 
BY  APPROPRIATION  ACCOUNT 

Research  and  Related  Activities 

The  FY  1996  Budget  Request  for  the  Research  and  Related  Activities  (R&RA)  Appropriation  is 
$2,454.00  million,  an  increase  of  $174  00  million,  or  7.6  percent,  over  the  FY  1995  Current  Plan  of 
$2,280.00  million.  The  R&RA  Appropriation  supports  activities  that  enable  the  United  States  to 
uphold  world  leadership  in  ail  aspects  of  science  and  engineenng,  and  to  promote  the  discovery, 
integration,  dissemination  and  employment  of  new  knowledge  in  service  to  society.  Research 
activities  contnbute  to  the  achievement  of  these  goals  through  expansion  of  the  knowledge  base; 
integration  of  research  and  education;  stimulation  of  knowledge  transfer  among  academia  and  the 
public  and  private  sectors;  and  bringing  the  perspectives  of  many  disciplines  to  bear  on  complex 
problems  important  to  the  nation. 

Merit  review  is  the  principal  tool  in  selecting  among  proposals  for  funding.  Revipw  emphasizes 
the  capabilities  of  the  investigators;  the  innovation,  importance  and  relevance  of  the  ideas  and 
approaches;  and  the  potential  for  enhancing  the  human  and  physical  infrastructure  of  science  and 
engineering. 

A  summary  of  the  Activities  within  R&RA  follows: 

The  Biological  Sciences  (BIO)  Activity  fosters  understanding  of  the  underlying  principles  and 
mechanisms  governing  life.  Research  ranges  from  the  study  of  the  structure  and  dynamics  of 
biological  molecules,  such  as  proteins  and  nucleic  acids,  through  cells,  organs  and  organisms,  to 
studies  of  populations  and  ecosystems.  It  encompasses  processes  that  are  internal  to  the 
organism  as  well  as  those  that  are  external,  and  includes  temporal  frameworks  ranging  from 
measurements  in  real  time  through  individual  life  spans,  to  the  full  scope  of  evolutionary  time.  The 

7.6  percent  increase,  to  a  total  of  $323.96  million  in  FY  1996,  will  primanly  support  research  in 
biotechnology,  biodiversity,  and  terrestrial  ecology  related  to  global  change. 

Research  in  the  Computer  and  Information  Science  and  Engineering  (CISE)  Activity  includes 
system  software  design,  theory  of  computing,  engineenng  design,  prototyping,  testing,  and 
deployment  of  cutting-edge  computing  and  communications  systems  to  address  complex 
research  problems.  The  6.7  percent  increase,  to  a  total  of  $275.57  million  in  FY  1996,  is 
principally  directed  toward  research  in  ubiquitous  computing,  human-machine  interaction  and 
information  access,  parallel  and  distributed  computing,  and  toward  multidisciplinary  challenges  -- 
laying  the  groundwork  for  future  information  technology  that  can  help  solve  complex 
computational  and  communications  intensive  problems  of  scientific  and  societal  importance. 
Additional  experimental  high-speed  networking  activities  will  be  supported.  The  Supercomputer 
Centers  will  initiate  new  cooperative  activities  with  other  high  performance  computation  facilities 
nationwide,  and  their  computational  infrastructure  will  be  enhanced  to  carry  out  leading  edge 
research. 

The  Engineering  (ENG)  Activity  seeks  to  enhance  long-term  economic  strength,  security,  and 
quality  of  life  for  the  nation  by  fostenng  innovation,  creativity,  and  excellence  in  engineering 
education  and  research.  ENG  seeks  to  promote  the  natural  synergy  between  engineenng 
education,  fundamental  research,  and  the  application  of  technical  knowledge.  The  ENG  Activity's 

7.7  percent  increase,  to  a  total  of  $344.16  million  for  FY  1996,  will  primanly  go  to  support  research 
in  areas  such  as  intelligent  sensing  and  control  systems  and  environmentally  conscious 
manufacturing.  Funds  are  included  to  meet  the  mandated  level  for  the  Foundation-wide  Small 
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Business  Innovation  Research  (SBIR)  program  and  the  authorized  level  for  the  Small  Business 
Technology  Transfer  (STTR)  program. 

The  Geosciences  (GEO)  Activity  supports  research  in  the  atmospheric,  earth,  and  ocean 
sciences.  Basic  research  in  the  geosciences  advances  the  scientific  knowledge  of  the  Earth's 
environment,  including  resources  such  as  water,  energy,  minerals,  biological  diversity,  and  coral 
reefs.  GEO  supported  research  also  advances  the  ability  to  predict  natural  phenomena  of 
economic  and  human  significance,  such  as  climate  changes,  weather,  earthquakes,  fish-stock 
fluctuations,  and  disruptive  events  in  the  solar-terrestrial  environment.  The  7.6  percent  increase, 
to  $451.48  million  in  FY  1996,  will  support  fundamental  research  and  national  user  facilities  across 
the  geosciences,  including  new  and  enhanced  efforts  in  international  programs,  forecasting  and 
climate  modeling,  and  studies  of  continent-ocean  margins. 

The  Mathematical  and  Physical  Sciences  (MPS)  Activity  supports  research  in  mathematics, 
astronomy,  physics,  chemistry,  and  materials  science.  Major  equipment  and  instrumentation  such 
as  particle  accelerators  and  telescopes  are  provided  to  support  the  research  needs  of  individual 
investigators.  The  8.3  percent  increase,  to  $698.28  million  in  FY  1996,  will  be  directed  to  areas 
including  multidisciplinary  research  in  optical  science  and  engineering,  environmental  science  and 
technology,  biotechnology,  nanosciences,  and  will  enhance  support  for  facilities  and 
instrumentation. 

The  Social,  Behavioral  and  Economic  Sciences  (SBE)  Activity  stimulates  scientific  progress  in 
these  fields.  Research  focuses  on  how  various  social  and  economic  systems  are  organized  and 
operate,  and  how  cognitive  and  cultural  factors  influence  human  behavior.  Activities  include  the 
Human  Capital  Initiative  and  a  consortium  for  research  on  violence  to  be  initiated  in  FY  1995.  The 
Activity  also  includes  programs  that  promote  international  scientific  cooperation  and  provide 
authoritative  data  on  science  and  engineering  and  the  characteristics  of  the  nation's  research  and 
education  enterpnse.  The  8.0  percent  increase,  to  $122.87  million  in  FY  1996,  will  support 
research  on  human  genetic  diversity,  learning  and  intelligent  systems,  and  research  on 
democratic  processes. 

Polar  Programs,  which  includes  the  U.S.  Polar  Research  Programs  and  U.S.  Antarctic  Logistical 
Support  Activities,  supports  multi-disciplinary  research  in  Arctic  and  Antarctic  regions.  Polar 
regions  play  a  critical  role  in  world  weather  and  climate  and  provide  unique  research  opportunities 
in  environmental  sciences,  ranging  from  the  ocean  bottom,  through  the  ice  layer,  and  into  space. 
The  6.1  percent  increase  in  Polar  Programs,  to  $234.88  million,  will  be  directed  entirely  to  U.S. 
Polar  Research  Programs.  Priority  is  given  to  increases  for  arctic  research,  including  Arctic 
logistics.  Increases  are  also  provided  for  studies  of  the  oceans  surrounding  Antarctica,  research 
on  Antarctic  ice  sheets,  and  for  science  facilities  and  operations  that  make  Antarctic  research 
possible. 

The  Critical  Technologies  Institute,  with  a  request  of  $2.8  million,  is  a  Federally-Funded  Research 
and  Development  Center  that  provides  analytical  support  to  the  Office  of  Science  and  Technology 
Policy  by  identifying  near-term  and  long-term  objectives  for  research  and  development;  analyzing 
the  production  capability  and  economic  viability  of  technologies;  and  providing  options  for 
achieving  R&D  objectives. 

Education  and  Human  Resources 

The  FY  1996  Budget  Request  for  Education  and  Human  Resources  (EHR)  is  $599.00  million,  a 
decrease  of  $6.97  million,  or  1.2  percent,  from  the  FY  1995  Current  Plan  of  $605.97  million.  EHR 
supports  a  cohesive  and  comprehensive  set  of  activities,  augmented  by  informal  science 
experiences,  which  encompass  every  level  of  education  and  every  region  of  the  country.  EHR  is  a 
major  participant  in  interagency  efforts  for  science,  mathematics,  engineering  and  technology 
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education  (SMETE)  initiative,  totaling  $530.88  million  in  FY  1996.    This  initiative  addresses  many 
of  the  challenges  posed  by  Goals  2000:  Educate  America  Act. 

•  Support  at  the  K- 12  level  totals  $354.78  million,  a  decrease  of  $810,000  from  the  FY  1995 
Current  Plan.  This  support  is  focused  phmarily  in  the  Systemic  Reform  activities  ($95.35 
million)  in  states,  urban,  and  rural  areas,  and  Elementary,  Secondary  and  Informal  Science 
activities  that  enable  all  students  to  achieve  in  science,  mathematics,  engineenng  and 
technology  education. 

•  Support  at  the  Undergraduate  level  is  $102.50  million,  a  decrease  of  $640,000  from  the  FY 
1995  Current  Plan.  This  support  is  focused  primanly  on  improving  undergraduate  preparation 
of  K-12  teachers  and  addressing  advanced  technician  training.  Efforts  of  reforming 
curriculum  and  laboratory  instruction,  and  upgrading  equipment  continue  to  be  major 
emphases. 

•  Support  at  the  Graduate  level  is  $67.50  million,  unchanged  from  the  FY  1995  level.  This 
support  maintains  the  modest  increases  in  both  the  stipend  and  the  cost  of  education 
allowance  provided  in  FY  1995  for  the  Graduate  Fellowship  program.  The  number  of  fellows 
will  remain  at  approximately  2,400.  The  Graduate  Research  Traineeship  program  will  be 
sustained  at  the  FY  1995  level  to  maintain  support  for  ongoing  projects.   No  new  traineeship 
positions  are  planned. 

•  Advanced  Technological  Education  (ATE)  established  in  FY  1994,  is  $23.35  million, 
unchanged  from  the  FY  1995  level.  Support  will  continue  to  focus  on  improving  curriculum 
development  and  program  improvement  at  the  secondary  and  undergraduate  levels  to  help 
transition  students  to  the  increasingly  technology-based  workforce. 

Academic  Research  Infrastructure 

The  FY  1996  Budget  Request  for  the  Academic  Research  Infrastructure  (ARI)  Activity  is  $100 
million,  a  decrease  of  $18.13  million,  or  15.3  percent,  from  the  FY  1995  Current  Plan  of  118.13 
million. 

The  FY  1995  Appropriation  originally  included  $118.13  million  for  NSF's  Academic  Research 
Infrastructure  Activity,  and  an  additional  $131.87  million  for  an  interagency  infrastructure  program, 
for  a  total  approphation  of  $250  million.  The  availability  of  funds  for  an  interagency  program  is 
contingent  on  the  development  of  an  interagency  program  for  FY  1996.  The  Administration  has 
elected  not  to  initiate  such  a  program  and  has  proposed  recission  of  the  $131.87  million,  resulting 
in  an  FY  1995  Current  Plan  of  $118.13  million. 

In  FY  1996,  NSF  is  requesting  $100  million  for  Academic  Research  Infrastructure,  which  will  be 
equally  divided  between  facilities  and  instrumentation.  This  represents  an  increase  of  81.8 
percent  over  the  FY  1995  Request  of  $55  million.  NSF  believes  that  $100  million  will  provide  for 
continued  progress  on  renewal  of  these  important  research  resources  while  maintaining  an 
appropriate  balance  between  support  for  research  activities  and  infrastructure. 

Major  Research  Equipment 

The  FY  1996  Request  for  the  Major  Research  Equipment  (MRE)  appropriation  is  $70  million. 
MRE  was  established  in  FY  1995  to  support  construction  of  major  research  facilities  that  provide 
unique  capabilities  at  the  cutting  edge  of  science  and  engineenng.  The  FY  1996  request  of  $70 
million  represents  a  $56  million  decrease,  or  -44.4  percent,  below  the  FY  1995  level  for  these 
items. 
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Projects  supported  by  this  Account  will  push  the  boundaries  of  technology  and  will  offer  significant 
expansion  of  opportunities,  frequently  in  totally  new  directions,  for  the  science  and  engineenng 
community.  Two  projects  currently  compose  the  Major  Research  Equipment  Account:  the  Laser 
Interferometer  Gravitatiorial  Wave  Observatory  (LIGO)  and  the  Gemini  telescopes,  twin  eight- 
meter  telescopes  in  the  northern  and  southern  hemispheres,  being  built  through  an  international 
partnership.  Per  Congressional  action,  $35  million  made  available  for  LIGO  in  FY  1994  within  the 
Research  and  Related  Activities  account  was  rescinded.  This  $35  million  was  restored  for  LIGO 
in  the  FY  1995  MRE  account,  with  an  additional  $50  million  requested.  This  brings  the  FY  1995 
total  funding  for  LIGO  to  $85  million.  Also,  in  addition  to  the  FY  1995  request  of  $20  million  for  the 
Gemini  telescopes,  Congress  appropriated  another  $21  million,  for  a  total  of  $41  million  in  FY 
1995.  Funding  for  construction  of  the  Gemini  telescopes  was  completed  in  FY  1995.  No 
additional  funds  will  be  requested  for  construction  of  the  Gemini  telescopes  in  FY  1996. 

The  $70  million  request  in  FY  1996  will  permit  the  LIGO  project  to  progress  toward  completion  of 
construction  in  FY  1998  and  a  transition  to  operations  during  FY  1999. 

Salaries  and  Expenses 

The  FY  1996  Request  for  Salaries  and  Expenses  (S&E)  is  $127.31  million,  an  increase  of  $3.34 
million,  or  2.7  percent,  over  the  FY  1995  Current  Plan  level  of  $123.97  million.  The  Request  level 
supports  an  authorized  ceiling  of  1 ,226  full-time  equivalents  (FTEs),  provides  for  current 
administrative  levels,  and  continues  the  investment  in  information  technology  for  administrative 
processes. 

Salaries  and  Expenses  provides  funds  for  staff  salanes  and  benefits,  and  general  operating 
expenses  necessary  to  manage  and  administer  the  NSF.  Funds  are  requested  separately  for 
FTEs  and  direct  expenses  of  the  Office  of  Inspector  General  and  for  NSF  Headquarters 
Relocation,  the  appropnation  account  which  includes  funds  to  reimburse  the  General  Services 
Administration  (GSA)  for  expenses  incurred  to  relocate  the  Foundation  to  its  new  Headquarters 
location  in  Arlington,  Virginia. 

NSF  Headquarters  Relocation 

The  FY  1996  Request  for  NSF  Headquarters  Relocation  is  $5.20  million,  equal  to  the  FY  1995 
level.  This  appropriation  account  provides  annual  reimbursement  to  the  General  Services 
Administration  (GSA)  through  FY  1999  for  expenses  incurred  by  GSA  pursuant  to  the  relocation  of 
the  National  Science  Headquarters  to  Arlington,  Virginia,  which  was  completed  in  January  1994. 

Office  of  Inspector  General 

The  Office  of  Inspector  General  (OIG)  was  established  to  promote  economy,  efficiency,  and 
effectiveness  in  administering  the  Foundation's  programs;  to  detect  and  prevent  fraud,  waste,  or 
abuse  within  NSF  or  by  individuals  that  request  or  receive  NSF  funding;  and  to  identify  and 
resolve  cases  of  misconduct  in  science.  The  FY  1996  Request  for  the  OIG  is  $4.49  million,  an 
increase  of  $0. 1 1  million  over  the  FY  1995  Current  Plan. 
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Senator  Burns.  We  have  been  joined  by  two  of  my  colleagues, 
and  we  welcome  them  to  this  hearing  this  morning. 

Gentlemen,  I  never  read  an  opening  statement.  I  have  one  that 
I  am  going  to  put  in  the  record,  and  probably  follow-up  on  with 
some  questions,  but  we  have  a  vote  at  10:20,  for  which  we  are  a 
little  bit  late  already. 

[The  prepared  statement  of  Senator  Burns  follows:] 

Statement  of  Senator  Burns 

Hearing  on  the  FY96  Budget  of  the  National  Science  Foundation  and  the  Office 
of  Science  and  Technology  Policy,  March  30,  1995. 

This  hearing  will  now  come  to  order.  Let  me  first  welcome  our  witnesses  here 
today  to  this  hearing  on  the  FY96  budget  of  the  National  Science  Foundation  (NSF) 
and  the  activities  ofthe  President's  Office  of  Science  and  Technology  Policy  (OSTP). 

Dr.  Jack  Gibbons,  director  of  the  Office  of  Science  and  Technology  Policy  (OSTP), 
is  no  stranger  to  this  Subcommittee  or  to  the  Congress.  For  14  years,  Dr.  Gibbons 
provided  us  with  advice  and  analysis  as  director  of  Congress'  Office  of  Technology 
Assessment.  These  days,  it  is  the  Executive  Branch  that  is  the  beneficiary  of  his 
wise  counsel  and  it  is  lucky  to  have  him. 

I  also  want  to  welcome  Dr.  Lane,  the  director  of  the  National  Science  Foundation 
(NSF).  I  believe  that  NSF  has  done  more  than  any  other  R&D  agency  to  prepare 
our  colleges  and  their  students  for  the  technological  revolution  through  its  science 
and  education  programs.  I  also  want  to  acknowledge  the  witnesses  from  a  second 
panel  on  EPSCOR,  including  Dr.  Bob  Swenson  of  Montana  State  University,  Dr. 
Koyce  Engstrom  with  the  South  Dakota  EPSCoR  program,  Dr.  Joseph  Danek,  Direc- 
tor of  the  EPSCoR  Foundation,  and  Dr.  John  Saunby,  Director  of  the  Union 
Caarbide  Technology  Center  in  South  Carolina. 

These  are  exciting,  but  difficult,  times  for  our  federal  science  and  technology  en- 
terprise. On  the  one  hand,  we  are  in  the  midst  of  a  technological  explosion.  Ad- 
vanced computer  networks  now  allow  scientists  from  different  continents  to  conduct 
joint  research  and  share  information  in  real  time.  Virtual  reality  technology  permits 
engineers  to  walk  through  buildings  and  products  that  only  exist  in  the  computer. 
Microelectronics  allow  us  to  build  planetary  spacecraft  no  bigger  than  your  office 
desk.  This  is  truly  a  revolution. 

On  the  other  hand.  Congress  is  struggling  to  reduce  the  federal  deficit.  As  a  re- 
sult, many  federal  R&D  agencies  can  anticipate  flat  or  declining  budget  profiles.  At 
the  same  time,  these  agencies  stUl  face  the  pressure  to  continue  to  produce  scientific 
miracles  and  marvels.  Clearly,  an  overall  federal  strategy  must  be  developed  to  ad- 
just to  this  new  environment.  In  that  connection,  I  would  simply  make  a  couple  of 
points 

First,  we  must  set  priorities.  Some  science  and  technology  programs  are  more  im- 
portant than  others.  With  flat  outyear  budgets,  we  cannot  fund  everything  and  hard 
decisions  have  to  made  about  what  to  support  and  what  to  let  go.  The  new  emphasis 
on  "strategic  research"  and  "'critical  technologies"  perhaps  reflects  that  reality.  That 
having  been  said,  we  also  must  not  abandon  our  traditional  support  for  the  basic 
research  supported  by  the  NSF  and  other  programs.  Many  of  our  Nation's  most  im- 
portant scientific  breakthroughs  have  come  from  small  curiosity-driven  eflbrts,  not 
billion-dollar,  multiyear  initiatives. 

Second,  we  must  develop  better  ways  of  evaluating  our  science  proCTams  so  that 
if  they  are  not  working,  we  can  divert  our  resources  to  other  areas.  Too  often,  we 
continue  to  support  science  programs  without  any  regard  to  their  effectiveness.  Inef- 
fective programs  become  self-perpetuating  entitlements  and  develop  a  life  of  their 
own.  As  Congress  advised  the  National  &ience  Foundation  several  years  ago,  we 
need  to  develop  performance  milestones  for  science  projects  and  assess  whether 
these  milestones  are  being  met. 

Third,  where  appropriate,  we  should  seek  industry  partners  in  the  development 
and  funding  of  science  programs.  Involving  industry,  both  early  and  often,  insures 
that  its  needs  are  taken  into  account  in  structuring  the  projects  and  it  reduces  the 
projects'  cost  to  the  taxpayer.  While  the  U.S.  remains  the  unchallenged  world  leader 
in  the  pursuit  of  basic  science,  again  and  again,  Japan  and  other  countries  have 
done  a  tetter  job  of  converting  science  to  commercial  goods  and  services  that  the 
taxpayer  can  use.  Industry  involvement  can  turn  that  around. 

A  final  point  in  this  regard  involves  the  importance  of  international  cooperation. 
We  have  already  recognized  that  programs  as  such  Space  Station  and  the  Global 
Change  Research  Initiative  are  far  too  expensive  and  complex  for  the  U.S.  to  tackle 
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alone.  Improved  communications  networks  and  the  emergence  of  global  markets 
have  created  a  much  friendlier  environment  for  these  kinds  of  cooperative  efforts. 
We  need  to  take  advantage  of  that. 

In  addition  to  reviewing  the  overall  federal  science  policy,  this  hearing  will  focus 
on  the  FY96  budget  request  for  NSF.  For  FY96,  NSF  has  requested  $3.36  billion, 
an  increase  of  3  percent  over  the  FY95  funding  level.  This  ninding  level  should 
allow  the  agency  to  continue  its  excellent  science  and  education  programs. 

I  note,  however,  NSPs  FY96  budget  request  for  its  facilities  program  did  not 
match  the  FY95  appropriation  of  $250  million.  Because  of  that,  by  the  terms  of  the 
FY95  appropriations  legislation,  NSF  automatically  lost  the  $132  million  in  FY95 
that  was  specifically  designated  for  a  new  multiagency  facilities  program.  This  is  ob- 
viously disappointing.  We  have  a  $10  biUion  backlog  of  academic  research  infra- 
structure needs.  Good  research  requires  good  facilities  and  good  lab  ecjuipment.  Un- 
less we  are  going  to  start  to  address  this  problem  instead  of  putting  it  off,  our  Na- 
tion's basic  research  is  in  jeopardy. 

This  is  not  just  an  academic  problem.  For  instance,  Montana  Tech  recently  sub- 
mitted a  grant  proposal  to  renovate  its  75-year-old  Chemistry  Building.  The  pro- 
posal was  favorahly  received  by  NSF  and  recommended  to  be  funded — if  funds  were 
available.  Those  funds,  of  course,  were  not  available  because  the  facilities  program 
was  not  adequately  supported  in  the  Administration's  FY96  budget  request.  Hope- 
fully, we  will  address  the  facilities  issue  during  the  hearing. 

I  am  concerned  that  the  budget  reouest  for  NSF's  EPSCOR  program,  now  at  $36 
million,  decreased  funding  by  3%  for  FY96  while  the  budget  request  for  NSF  called 
for  a  3%  increase.  I  will  oe  interested  to  hear  if  NSF  is  decreasing  the  emphasis 
of  the  EPSCOR  program.  For  Montana  and  other  rural  states,  EPSCOR  programs 
at  NSF  and  other  agencies  allow  our  research  institutions  to  play  a  role  in  the  $70 
billion  federal  R&D  enterprise.  For  years,  our  quality  research  institutions  were 
shut  out  of  the  competition  for  federal  research  grants.  The  peer  review  process, 
while  fair  on  its  face,  tended  to  favor  the  more  established"  colleges,  who  were  more 
familiar  with  the  selection  process  and  culture.  As  a  result,  the  rich  got  richer. 

EPSCOR  insures  that  our  colleges  have  an  opportunity  to  compete  for  research 
grants  and  make  valuable  scientific  contributions  to  our  country.  Our  second  panel 
of  witnesses  represents  EPSCOR  success  stories  and  I  am  very  eager  to  hear  their 
testimony  about  their  experiences  in  the  program. 

Finally,  we  hope  to  look  at  NSPs  science  education  programs.  Strengthening  the 
math  and  science  literacy  of  our  young  people  is  the  only  way  to  insure  their  in- 
volvement in  our  increasingly  technological  world.  We  have  learned  that  students' 
interest  in  math  and  science  is  usually  spariced  in  their  early  years,  often  as  early 
as  elementary  school.  For  that  reason,  I  am  especially  interested  at  activities  aimed 
at  K  through  12  education.  I  also  think  it  is  crucial  that  we  use  the  new  communica- 
tions technologies  to  make  our  educational  system  more  effective.  At  Montana  State, 
for  instance,  NSF  currently  supports  a  distance  learning/teacher  enhancement 
project  to  improve  the  skUls  of  teachers  in  the  more  remote  areas  of  the  northwest. 
These  are  the  kinds  of  activities  that  we  need  to  stress  if  our  Nation  is  to  remain 
competitive. 

Again,  let  me  welcome  our  witnesses  and  I  look  forward  to  todays  hearing. 

Senator  Burns.  I  would  invite  my  collea^e  and  ranking  member 
on  this  committee,  Senator  Rockefeller,  if  you  have  an  opening 
statement  that  you  would  like  to  make  at  this  time,  with  some 
comments,  why,  I  plan  to,  whenever  we  have  the  vote,  just  to  re- 
cess the  hearing  until  we  go  vote  and  come  back,  and  then  we  will 
finish  it  up. 

So,  Senator  Rockefeller,  thank  you. 

STATEMENT  OF  SENATOR  ROCKEFELLER 

Senator  Rockefeller.  Mr.  Chairman,  I  do  have  some  comments. 
I  am  going  to  work  them,  however,  into  some  of  the  questions  that 
I  ask.  So  I  will  just  put  my  statement  in  the  record. 

Senator  BURNS.  Thank  you. 

[The  prepared  statement  of  Senator  Rockefeller  follows:] 

Prepared  Statement  of  Senator  Rockefeller 

Mr.  Chairman,  with  this  hearing,  you  are  continuing  to  show  your  interest  in  pro- 
grams and  issues  extremely  important  to  the  country's  economic  strength.  This  is 
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another  chance  to  review  federal  programs  that  support  science  and  research  and 
their  value  in  making  progress  in  human  knowledge,  in  technology,  and  in  the  lives 
of  the  people  we  represent. 

I  welcome  our  distinguished  witnesses.  Dr.  Gibbons  and  Dr.  Lane  are  the  top 
science  oflicials  of  this  Administration.  Both  are  highly  respected  leaders  and  intel- 
lects. We  also  have  an  excellent  panel  of  witnesses  to  discuss  the  Experimental  Pro- 
g"am  to  Stimulate  Competitive  Research — EPSCOR.  As  Senator  Bums  knows, 
PSCoR  is  an  important  program  in  his  state  and  mine.  In  fact,  I  have  a  longhis- 
tory  in  promoting  the  premise  behind  EPSCoR — that  the  states  without  an  MIT  or 
Stanford  deserve  some  targeted  help  to  make  sure  good  science,  research,  and  tech- 
nology are  "growing"  everywhere  in  America.  These  are  the  keys  to  making  human 
and  economic  progress  in  the  modem  world,  and  every  state  should  have  them  to 
open  the  door  to  the  prosperity  that  the  whole  country  should  count  on. 

I  want  to  give  a  special  welcome  to  Dr.  John  Saunby,  here  to  share  West  Vir- 
ginia's experience  with  the  EPSCoR  program.  He  is  an  active  member  of  West  Vir- 
ginia's EPSCoR  Committee,  which  is  one  of  the  ways  that  this  program  promotes 
collaboration  among  the  business,  academic,  and  public  sectors.  Dr.  Saunby,  now  re- 
tired, had  a  vew  impressive  career  as  Director  of  R&D  at  a  Union  Carbide  center 
in  Charleston,  West  Virginia,  where  flagship  research  is  conducted  in  areas  like 
chemicals  and  plastics. 

This  hearing  comes  at  a  privotal  time.  With  a  federal  deficit  that  must  be  elimi- 
nated, Congress  is  taking  a  hard  look  at  how  public  funds  are  being  spent.  But  just 
as  fiscal  pressure  is  increasing,  the  economic  challenges  from  our  competitors  are 
getting  stifTer.  That  means  that  science  and  technology  policy  has  to  adjust  to  the 
needs  of  this  post-Cold  War  era  when  federal  money  is  getting  much  tighter. 

Somehow,  we  have  to  figure  out  how  to  avoid  abandoning  the  programs  harvest- 
ing the  intellectual,  human,  and  economic  riches  that  define  the  United  States  of 
America.  I  hope  the  federal  deficit  doesn't  cause  us  to  surrender  economically  to 
other  countries  or  abandoii  the  investments  that  define  our  future.  We  also  have  to 
seize  the  growing  opportunities — ^because  geography  and  terrain  aren't  the  barriers 
they  once  were — ^to  involve  all  of  our  states,  along  with  smaU  businesses,  not  just 
laree  corporations,  in  these  efforts  to  make  advances  in  science  and  technology. 

I  am  interested  in  a  few  issues  in  particular. 

First,  what  policy  for  science  and  basic  research  is  most  appropriate  for  teday? 
For  example,  I  am  skeptical  of  the  notion  that  basic  research  and  tax  cuts  alone 
are  sufficient  to  ensure  U.S.  technological  leadership.  Nobel  Prizes  are  invaluable, 
but  not  nearly  enough  by  themselves.  There  is  a  large  gap  between  basic  research, 
on  the  one  hand,  and  product  development,  on  the  other.  Increasingly,  American 
companies  are  hard-pressed  to  fiind  the  mid-level  research  on  new  oreakthrough 
ideas. 

We  need  research  mechanisms  to  help  American  companies  take  advantage  of  our 
great  wealth  of  basic  research.  That  is  why  both  the  Administration  and  many  in 
Congress  also  support  private-public  research  partnerships  to  overcome  the  tech- 
nical problems  associated  with  new  technologies. 

Second,  wiU  the  government's  basic  research  budget  be  adequate  to  meet  needs? 
We  aU  know  that  the  budget  must  be  cut,  but  it  is  possible  that  basic  research  cuts 
this  year  in  the  Department  of  Defense  and  other  relevant  agencies  will  leave  big 
holes  in  the  needed  support  for  university  science.  For  example,  DOD  historically 
has  supported  much  university  research  in  the  physical  sciences  and  computing. 
Can  or  should  NSF  make  up  any  difference?  What  are  the  consequences  of  cuts 
being  made  as  we  speak  or  the  ones  being  contemplated  down  the  hall? 

Third,  are  additional  steps  needed  to  build  and  maintain  the  capabilities  of  re- 
search universities  throughout  the  United  States?  With  university  research  increas- 
ingly important  to  economic  development,  we  need  to  ensure  that  all  states  have  an 
opportunity  to  build  their  science  and  technology  strength.  Again,  EPSCOR  is  im- 
portant, and  I  am  pleased  we  will  look  into  its  mission  and  work  today. 

Mr.  Chairman,  I  look  forward  to  hearing  from  our  distinguished  witnesses. 

Senator  Burns.  The  Chairman  of  the  full  committee, 
Senator  Pressler,  from  South  Dakota. 

STATEMENT  OF  SENATOR  PRESSLER 

The  Chairman.  Mr.  Chairman,  let  me  congratulate  you  on  this 
hearing.  I  shall  place  my  statement  in  the  record. 

I  am  proud  that  later  this  morning  Dr.  Royce  Engstrom,  project 
director  for  South  Dakota's  EPSCoR  program  will  be  here  testify- 
ing. 
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I  hope  to  be  able  to  come  back.  I  have  some  floor  amendments 
I  am  working  on.  But  I  thank  the  witnesses.  And  I  have  some  ques- 
tions for  them,  but  I  will  ask  them  at  the  proper  time. 

[The  prepared  statement  of  Senator  Pressler  follows:] 

Prepared  statement  of  Senator  Pressler 

Mr.  Chairman,  I  want  to  thank  you  for  holding  this  hearing  on  the  White  House 
Oflice  of  Science  and  Technology  Policy  and  the  Fi96  budget  of  the  National  Science 
Foundation.  This  hearing  could  not  be  more  timely.  Just  last  week,  OSTP  reported 
that  U.S.  leadership  in  most  of  27  critical  technologies  is  slipping.  While  the  U.S. 
is  stiU  the  leader  in  science  and  technology,  Europe  and  Japan  are  rapidly  closing 
ground. 

This  is  very  disturbing.  Increasingly,  our  industrial  competitiveness  is  linked  to 
our  ability  to  stay  on  the  cutting  edge  of  science  and  technology.  Many  of  the  new 
maricets  with  the  highest  growth  potential  are  in  high-tech  areas  such  as  commu- 
nications, computers,  and  biotechnology.  Equally  significant,  our  military  success  in 
Desert  Storm  was  directly  attributable  to  IJ.S.  technological  superiority  over  our  ad- 
versaries. Unless  our  Nation  develops  a  comprehensive  policy  aimed  at  maintaining 
a  strong  science  and  technology  base,  America's  economic  and  national  security  wiU 
be  at  risk. 

The  Subcommittee  is  very  fortunate  today  to  have  two  Administration  officials 
who  play  pivotal  roles  in  settingand  implementing  our  national  science  policy — Dr. 
Jack  Gibbons,  Director  of  OSTP,  and  Dr.  Neal  Lane,  Director  of  the  National 
Science  Foundation.  I  look  forward  to  hearing  their  views  on  where  we  are  headed 
in  science.  I  believe  one  positive  development  from  last  November's  elections  is  that 
it  has  provided  us  with  a  unique  opportunity  to  consider  new  approaches  to  science 
and  technology  policy. 

One  concept  that  is  receiving  more  attention  this  year  is  "privatization."  We  in 
Congress  are  taking  a  hard  look  at  privatizing  those  government  activities — in 
science  and  elsewhere — that  can  be  performed  more  cost-effectively  by  the  private 
sector.  For  some  programs,  privatizing  may  have  the  potential  of  both  reducing  costs 
and  improving  service  to  the  taxpayer.  Once  considered  extreme,  privatization  pro- 
posals now  are  gaining  wider  acceptance.  For  example,  the  recent  report  by  Cnris 
Kraft  on  the  Space  Shuttle  program  recommends  our  Nation's  Shuttle  program 
move  toward  a  privatization  model. 

Other  proposals  have  focused  on  restructuring  our  system  of  700  federal  labora- 
tories. Many  of  these  facilities  continue  to  pursue  outmoded  Cold-War  missions  and 
conduct  research  which,  unlike  university  science,  is  not  peer-evaluated.  Much  of 
the  new  thinking  on  this  issue  includes  proposals  that  the  lab  system  be  consoli- 
dated and  run  by  a  corporate-type  board  and  that  the  labs'  research  projects  be 
forced  to  compete — on  merit-with  science  proposals  from  colleges  and  otner  institu- 
tions. K  we  are  going  to  get  the  most  out  of  the  federal  R&D  budget,  these  kinds 
of  proposals  must  be  given  serious  consideration. 

I  also  am  concerned  our  $70  billion  federal  science  and  technology  enterprise  be 
made  more  relevant  to  the  taxpayers  that  pay  for  it.  With  regard  to  many  science 
programs,  my  home  state  of  South  Dakota  and  other  rural  states  have  had  little, 
if  any,  involvement — either  as  participants  or  beneficiaries.  We,  too,  must  be  part 
of  the  technological  revolution.  In  that  regard,  the  National  Science  Foundation  has 
done  a  tremendous  job  of  including  rural  states  in  that  revolution.  I  know  NSPs 
science  and  education  programs  have  a  significant  impact  on  several  universities  in 
South  Dakota.  NSF's  EPSCoR  program  has  been  particularly  helpfiil  in  that  regard. 
That  program  is  specifically  aimed  at  strengthening  the  research  capabilities  of  col- 
leges m  states  which  historically  have  been  unable  to  compete  effectively  for  federal 
research  opportunities. 

Currently,  EPSCoR  is  finding  several  important  activities  at  three  schools  in 
South  Dakota:  the  University  of  South  Dakota,  the  South  Dakota  School  of  Mines 
and  Technology,  and  South  Dakota  State  University.  NSF  activities  have  been  craft- 
ed to  reflect  the  special  expertise  of  those  universities  as  well  as  the  particular 
needs  of  our  region.  For  instance,  I  understand  important  work  is  being  done  in  life 
sciences,  which  could  benefit  our  farming  community  greatly.  NSF  also  is  support- 
ing research  to  improve  remote  sensing  to  take  better  advantage  of  Sioux  Falls' 
EROS  Data  Center,  which  archives  the  Nation's  Landsat  imagery.  Beyond  the  re- 
search projects,  the  program  also  supports  educational  activities  reaching  students 
in  South  Dakota  at  all  levels.  I  hope  to  hear  more  about  these  and  other  EPSCoR 
activities  from  Professor  Royce  Engstrom  of  the  University  of  South  Dakota,  who 
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coordinates  all  of  the  EPSCoR  programs  in  South  Dakota.  I  extend  a  special  wel- 
come to  Dr.  Engstrom. 

Again,  I  thank  Senator  Bums  for  holding  this  hearing  on  federal  science  policy 
and  the  National  Science  Foundation  and  look  forward  to  the  testimony  of  our  dis- 
tinguished p£inel  of  witnesses. 

Senator  Burns.  We  will  just  get  into  a  little  dialog  this  morning, 
Dr.  Gibbons  and  Dr.  Lame. 

If  you  will,  just  for  the  record  and  this  committee,  go  over  your 
1996  budget  request  for  your  office,  the  activities  that  you  are 
going  to  support  by  that  budget,  if  you  could  just  give  us  an  overall 
picture,  what  you  think  the  important  things  really  are,  how  the 
main  activities  are  going  to  be  allocated  among  your  four  associate 
directors. 

So  if  you  can,  iust  give  us  an  overview  on  your  budget  requests 
and  where  your  tnrust  is  going  to  be  in  1996. 

Dr.  Gibbons.  So  you  want  to  proceed  with  it  how,  before  the 
vote. 

Senator  Burns.  Yes.  We  will  imtil  the  buzzer  goes  off. 

Dr.  Gibbons.  Until  the  buzzer  goes.  All  right,  sir. 

The  Office  of  Science  and  Technology  Policy,  which  you  need  to 
know  is  now  the — that  one  budget  covers  the  OSTP  and  the  origi- 
nal work  that  was  part  of  the  National  Space  Council  and  the  Na- 
tional Critical  Materials  Coimcil,  and  now  also  the  work  of  the  Na- 
tional Science  and  Technology  Council,  and  the  President's  Science 
Advisory  Committee,  is  requesting  a  budget  of  a  little  under  $5 
million,  the  same  dollars  as  we  had  in  fiscal  year  1995. 

This  supports  our  entire  staff,  which  includes  four  associate  di- 
rectors ana  myself.  The  resources  are  basically  partitioned  out, 
once  we  pay  our  rent,  to  the  four  divisions  under  our  four  associate 
directors. 

And  we  trade  work  back  and  forth  within  the  office.  But  those 
four  divisions  include  science,  technology,  environment,  and  inter- 
national security,  and  international — ^international  science  and 
technology  and  international  security. 

The  work  of  the  office  is  to  be  the  focal  point  for  the  Executive 
Branch,  not  only  in  giving  advice  to  the  President  and  the  Vice 
President,  and  other  members  of  the  executive  offices,  but  to  be  the 
place  where  interagency  activities  occur,  where  we  develop  science 
policy  as  a  group,  where  we  catalyze  activities  between  the  various 
agencies  that  cariy  out  science  and  technology  policy. 

One  example  of  our  work  is  a  forum  that  is  ongoing  this  morn- 
ing. I  just  left  Senator  Lugar,  Senator  Nunn,  and  Secretary  Perry, 
who  are  addressing  a  forum  that  we  have  assembled  that  has  to 
do  with  the  role  of  science  and  technology,  both  in  national  security 
and  in  global  stability. 

That  is  one  of  our  jobs,  is  to  try  to  work  at  the  over-arching  goals 
of  government,  and  then  map  the  resources  of  science  and  tech- 
nology into  those  goals. 

Another  activity  is  to  help  create  a  better  coordinated  and  leaner 
budget.  I  brought  with  me  this  morning  one  example  of  a  strategic 
planning  document,  with  respect  to,  in  this  case,  environment  and 
national  resources  across  the  whole  Federal  Government. 

And  this  study,  which  was  carried  out  in  the  last  twelve  months 
by  a  group  of  two  dozen  agencies,  all  of  which  have  a  piece  in  envi- 
ronment and  natural  resources,  represents  now  an  integrated  strat- 
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egy  in  which  all  the  agencies  agree  on  how  they  can,  together, 
carry  out  this  over-arching  work. 

That  affects  then  the  budget  preparation  and  the  agency  budget 
submissions. 

So  our  job  is,  I  would  say,  if  I  were  a  chemist,  I  would  call  it, 
it  is  a  catalytic  job.  Our  job  is  to  try  to  help  merge  these  agencies 
together  in  a  way  that  they  can  collectively  have  a  much  more  co- 
herent and  tightly  focused  program. 

It  is  also  to  help  the  President  in  achieving  his  objectives  related 
to  science  and  technology,  which  include  putting  some  pieces  to- 
gether that  was  difficult  to  do  before,  until  he  created  the  Science 
and  Technology  Council. 

For  example,  with  the  Council  and  with  the  President's  engage- 
ment, we  have  been  able  to  merge  both  the  civil  and  the  military 
activities  now  into  other  satellites. 

So  instead  of  having  separate  satellite  systems  for  weather,  we 
now  are  moving  to  an  integ^-ated  combined  Federal  and  civil  weath- 
er satellite  capability. 

We  are  doing  this  in  a  number  of  other  areas,  where  we  are  try- 
ing to  make  real  sense  out  of  this  notion  of  dual  use  and  higher 
efficiency  of  government. 

Senator  Burns.  You  mentioned  in  your  testimony  that  you  are 
ahead  of  our  counterparts  in  Japan  and  the  European  community 
right  now,  but  that  is  starting  to  shrink. 

Give  this  committee  some  idea  of  where  the  Europeans  are, 
where  they  are  excelling  right  now,  and  where  we  should  be. 

We  are  losing  a  little  bit  of  ground,  and  the  same  with  our 
friends  in  Japan. 

Dr.  Gibbons.  Well,  Mr.  Chairman,  it  will  take  a  Httle  bit  more 
time  than  you  probably  have 

Senator  Burns.  Well,  just  give  us  the  areas  of  your  concern  that 
probably  should  be  our  concern. 

Dr.  Gibbons.  One  of  the  areas  of  concern  that  we  have  is  that 
these — where  these  shortcomings  occur  happen  not  only  for  our  ci- 
vilian sector,  but  also  for  our  military,  areas  such  as  very  advanced 
materials  capabilities,  flat  panel  display,  ways  of  taking  informa- 
tion and  putting  it  on  flat  screens  rather  than  on  vacuum  tubes 
and  the  like.  That  is  just  but  one  of  many. 

Areas  of  capability,  for  example,  to  do  the  testing  of  aircraft  at 
very  high  velocities.  We  have  to  go  to  France  now,  for  instance,  to 
do  internal  testing  in  some  of  these  advanced  aircraft.  So  that  is 
a  second  area. 

Areas  of  very  advanced  design  capabilities  for  complex  engi- 
neered systems  is  an  area  where  we  lead,  but  other  countries  are 
catching  up  with  us  quickly,  so  we  have  to  look  not  only  at  how 
we  stand,  namely  on  top  of  the  pack. 

But  at  the  rate  at  which  these  other  countries  are  coming  after 
us  and  gaining  on  us  in  this  regard,  we  used  to  enjoy  enormous 
leads  in  these  areas,  and  now  it  has  shrunk  down  to  where  it  is 
getting  closer  to  zero. 

Senator  Burns.  Is  this  because  there  is  more  dissemination  of 
basic  research,  that  they  start  at  a  higher  platform  now  than  they 
once  did.  They  start  with  the  knowledge  that  we  know  now.  That 
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would  close  the  gap.  That  would  speak  to  that,  it  would  seem  to 
me,  anyway. 

Dr.  Gibbons.  It  does.  But  technology  depends  on  people,  and  you 
C£mnot  get  technology  by  reading  it  in  a  book.  If  you  look  at  the 
investments  as  a  fraction  of  their  economies,  compared  to  our  in- 
vestments in  this  area,  as  a  fraction  of  our  total  economy,  they  are 
plowing  more  of  their  economy  back  into  these  sorts  of  things,  espe- 
cially in  the  non-military,  in  the  various  esoteric  non-military 
areas. 

If  you  look  at  total  dollars,  we  are  still  eihead.  If  you  look  at  frac- 
tion of  our  total  economy,  we  are  near  the  top. 

We  are  within  the  first  four  or  five. 

If  you  take  away  the  military  investments  and  look  at  the  civil 
sector  investments  in  science  and  technology,  we  drop  down  below 
basically  every  other  industrial  country,  and  we  are  around  twenti- 
eth. 

Senator  Burns.  Senator  Kerry,  we  have  all  had  statements,  but 
none  of  us  gave  statements,  ana  we  have  already  had  the  opening 
statements  from  Dr.  Gibbons  and  Dr.  Lane.  Is  there  an  opening 
statement  you  want  to  make? 

Senator  Kerry.  No. 

STATEMENT  OF  SENATOR  HOLLINGS 

Prepared  Statement  of  Senator  Hollings 

I  am  pleased  that  the  Science  Subcommittee  is  holding  this  mornings  hearing  on 
Federal  science  programs,  including  the  programs  at  the  National  Science  Founda- 
tion. And  I  am  particularly  pleased  that  my  old  friend  Jack  Gibbons  is  testifying, 
along  with  Dr.  Neal  Lane  and  a  distinguished  group  on  experts. 

Today  we  are  involved  in  a  major  debate  over  the  role  and  size  of  government. 
And  we  are  hearing  a  great  deal  of  rhetoric  on  these  issues.  But  all  of  the  rhetoric 
does  not  change  one  fundamental  point — this  country  will  not  prosper  in  the  years 
ahead  unless  we  have  a  competitive  trade  and  industrial  policy.  That  does  not  mean 
heavy-handed  government  control.  It  means  economic  ana  business  policy  similar  to 
what  many  governors,  both  Democrats  and  Republicans,  have  done  to  promote  eco- 
nomic development  in  their  states.  It  means  good,  cost-effective,  industry-oriented 
efforts  to  help  our  companies  and  workers  succeed. 

In  the  science  area,  we  must  continue  two  efforts.  We  must  ensure  that  our  great 
scientific  enterprise  stays  healthy  and  continues  to  pursue  basic  research  in  areas 
of  national  importance.  That  means  supporting  basic  research  in  fields  as  diverse 
as  health,  manufacturing,  and  advanced  computing.  With  budget  cuts  inevitably 
coming,  we  must  carefully  review  our  priorities.  Second,  we  also  need  programs  that 
will  help  American  companies  take  advantage  of  this  basic  research.  Basic  science 
is  vital,  but  if  Nobel  Frizes  alone  guaranteed  economic  success  then  our  streets 
would  be  paved  with  gold.  They  are  not,  and  our  companies  in  fact  face  tight  cor- 
porate research  budgets  and  unprecedented  technological  competition.  As  a  result, 
our  country  needs  technology  partnership  programs  like  the  Advanced  Technology 
Program.  And  we  need  extension  efforts  sucn  as  the  Commerce  Department's  manu- 
facturing centers. 

The  irony  about  this  year's  debate  is  that  we  know  what  programs  work  in  the 
real  world,  and  which  kinds  of  programs  are  making  a  difference  to  real  companies. 
I  hope  we  can  get  past  all  of  the  government-bashing  and  focus  pragmatically  on 
what  we  can  do — ^both  in  the  science  field  and  other  policy  areas — to  nelp  improve 
our  standard  of  living  and  qpjality  of  life. 

Senator  Burns.  There  is  a  vote  on  now,  and  I  plan  just  to  recess, 
and  we  all  go  vote,  and  come  back,  and  we  will  all  pick  it  up  at 
the  same  time.  Is  that  suitable  to  everybody? 

We  will  stand  in  recess  for  about  10  minutes.  We  will  go  vote, 
and  we  will  be  right  back.  [Recess.] 

Senator  Burns.  I  will  call  the  committee  back  to  order,  please. 
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I  have  one  more  question  while  Senator  Rockefeller  has  a  little 
business  to  take  care  of. 

Dr.  Gibbons,  I  support  the  ATP  programs,  because  I  believe  it 
provides  critical  seed  money  to  companies  that  need  an  initial  help- 
ing hand  to  get  started,  and  to  attract  private  capital. 

This  gets  to  be  a  problem  every  now  and  then. 

Nevertheless,  it  was  surprising  that  at  a  time  when  NASA  and 
other  R&D  agencies  are  cutting  back,  the  President  requested  $491 
million  for  ATP  in  fiscal  year  1996.  That  is  a  14  percent  increase. 

We  have  come  under  some  criticism  with  the  ATP,  as  you  well 
know,  and  I  would  ask  can  we  justify  this  kind  of  an  increase  in 
light  of  everything  else  being  cut  back,  and  how  do  we  answer  our 
criticisms  of  the  tremendous  g^rowth  and  funding  for  that  particular 
program. 

Dr.  Gibbons.  Senator,  I  think  probably  the  first  answer  I  would 
like  to  say  is  that  while  ATP  has  been  growing  rapidly,  it  is  grow- 
ing from  almost  a  zero  base,  and  by  the  time  we  get  even  well  be- 
yond the  presently  proposed  size  of  ATP,  the  entire  program  is  less 
than  one  of  our  Federal  laboratory's  budgets.  So  in  proportions  of 
the  total  research  activities,  we  are  talking  down  in  the  1  percent 
range. 

The  second  thing  is  that  when  you  go  to  ATP,  you  have  industry 
directly  involved  with  their  money  on  the  table,  too. 

So  you  are  at  least  doubling  your  investment,  because  it  is  typi- 
cally a  50-50  split  of  investment,  so  that  doubles  the  effort  by  at- 
tracting in  that  kind  of  private  capital.  So  it  has  a  very  high  lever- 
age. 

And  third,  it  addresses  this  very  critical  gap  that  I  know  we  are 
all  concerned  about,  mainly  that  we  generate  new  knowledge  very 
effectively,  but  we  have  been  having  a  real  problem  in  times  past 
in  transforming  that  knowledge  into  the  marketplace  for  goods  and 
services. 

So  that  is  exactly  what  this  program  gets  at.  It  selects  out  the 
kinds  of  ventures  that,  if  they  are  successful,  will  have  a  major  im- 
pact on  a  wide  variety  of  American  industry,  in  terms  of  staying 
ahead  of  the  curve. 

And  I  think  it  is  for  those  reasons  that  we  would  like  to  see  this 
program  get  up  to  the  level  that  we  are  talking  about,  but  even 
when  it  gets  to  it,  it  is  still  a  very  small  fraction  of  our  total  effort. 

Senator  Burns.  Dr.  Lane,  can  you  give  us  the  chief  goals  and  pri- 
orities for  NSF?  You  are  taking  a  look  at  fiscal  year  1996,  and  I 
know  that  you  have  done  an  awful  lot  of  soul  searching  over  there. 
You  might  give  us  an  idea  of  what  your  priorities  are  for  1996. 

Dr.  Lane.  Mr.  Chairman,  as  I  indicated  earlier,  our  request  is  a 
3 -percent  increase,  which  is  a  very  good  budget  in  tough  times.  Our 
priorities  are  research  and  education. 

That  is  pretty  much  all  we  do.  We  carry  out  those  activities  using 
the  merit  review  process.  We  are  focusing,  in  particular,  in  the 
1996  budget  on  research  projects,  individual  investigators  and 
small  groups  carrying  out  research  in  the  nation's  universities  and 
college  laboratories. 

We  are  focusing  there,  because  this  is  a  very  highly  selective 
process.  We  turned  away  over  $1  billion  worth  of  proposals  that  we 
could  fund,  based  on  this  highly  competitive  process. 
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We  have  success  rates  of  proposals  submitted  that  go  as  low  as 
15  percent  in  some  of  our  areas.  The  average  is  higher  than  that, 
but  in  many  fields,  the  rate  is  quite  low. 

We  want  to  make  sure  that  we  are  making  the  best  possible  in- 
vestment of  the  Federal  moneys  in  the  programs  that  we  know 
from  analysis,  pay  substantial  dividends  in  the  future. 

Our  Academic  Research  Infrastructure  program,  which  funds  the 
modernization  of  laboratories  in  universities,  colleges,  and  the  pur- 
chase of  medium-scale  shared-use  equipment,  equipment  that  is  too 
large  for  one  research  grant,  but  not  major  facilities,  that  program 
is  funded  at  slightly  higher  than  $100  million  in  1995. 

But  our  request  in  1996  of  $100  million  is  the  largest  request  we 
have  ever  made  in  that  area.  So  certainly  we  feel  that  this  is  an 
important  need  for  the  academic  research  community. 

And  we  support  strongly  a  multi-agency  effort  to  make  some 
progress  in  this  area.  And  the  President's  National  Science  and 
Technology  Council,  in  particular,  an  activity  under  the  Fundamen- 
tal Science  Committee,  is  studying  that  issue  right  now. 

Our  Education  and  Human  Resources  Directorate  contains  most 
of  the  education  activities  in  the  K-12  area,  essentially  all,  and 
most  of  the  undergraduate  education,  but,  in  general,  education 
permeates  everything  NSF  does.  So  when  we  have  a  researcher 
working  in  a  laboratory  with  students,  education  is  going  on. 

The  reason  the  EHR  Directorate  does  not  increase,  in  fact,  de- 
creases slightly  this  year,  is  because  our  priority  is  on  research. 

The  education  efforts  are  very  important  ones.  As  I  mentioned  in 
my  testimony,  that  budget  has  grown  very  substantially  over  the 
last  decade.  We  are  in  a  time  of  comprehensive  evaluation  of  all  of 
those  programs. 

And  we  want  to  make  sure  that  we  put  our  money  on  the  things 
that  work  best,  and  we  are  in  the  process  of  determining  that. 

We  feel  that  our  budget  request  does  show  priority  setting.  It 
makes  tough  choices,  and  we  certainly  hope  to  get  support  for  the 
request  submitted. 

Senator  Burns.  Senator  Rockefeller. 

Senator  Rockefeller.  Thank  you,  Mr.  Chairman. 

I  want  to  talk  a  little  bit  about  the  kinds  of  basic  research,  ap- 
plied research,  et  cetera,  that  I  think — this  is  addressed  to  either 
of  you  or  both  of  you — that  is  most  appropriate  for  today,  because 
it  is  interesting  that  at  the  time  we  are  having  our  fiscal  crises  and 
dealing  with  our  fiscal  crises  at  the  exact  time  that  we  are  most 
worried  about  R&D  being  done  in  our  country  versus  other  coun- 
tries, and  the  competitive  edge,  and  all  that. 

So  these  two  things  come  together,  and  they  obviously  dp  cause 
a  conflict. 

Now,  I  think  the  President  wisely  avoided  that  conflict  with  re- 
spect to  you  two  gentlemen,  and  that  is  very  important.  But  what 
worries  me,  to  some  considerable  extent,  in  fact,  is  there  a  diver- 
gence that  I  think  is  growing  sharper  between  Republicans  and 
Democrats  in  the  Congress  as  to  the  role  of  the  government  in  all 
of  this. 

I  think  that  the  Democrats  generally  support  devoting  money, 
not  much,  but  money  in  partnerships,  government-private  industry 
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partnerships,  and  basic  research,  the  fundamental  scientific  work 
in  areas  that  mean  something  to  the  nation's  future. 

We  tend  to  support  strategic  research,  whether  it  is  the  25  criti- 
cal technologies  that  Commerce  and  DoD  have  agreed  on,  and  we 
tend  to  say  if  we  do  not  have  those  by  the  21st  Centurv,  which  is 
four-and-half-plus  years  away,  we  are  not  going  to  be  able  to  com- 
pete. 

So  whether  it  is  venture  capital,  or  whether  it  is  joint  venturing, 
or  whatever,  we  tend  to  want  to  do  that  kind  of  thing. 

The  Republicans  are  more  skeptical  about  that,  believing  that,  as 
Chairman  Walker  does  on  the  House  side,  that  if  the  science  is 
good  enough  industry,  and  if  the  economy  is  growing,  industry  is 
going  to  pick  it  up  and  do  it,  and  the  government  should  not  be 
involved  in  that. 

Now,  that  is  interesting,  because  it  was  President  Reagan's 
OSTP  that  developed  a  high-performance  computing  initiative,  and 
it  was  George  Bush's  administration  that  worked  on  global  change 
and  manufacturing  programs. 

But  nonetheless,  these  conflicts  have  arisen,  and  I  think  they  are 
important  to  deal  with.  I  have  a  couple  of  questions.  The  first  is. 
Chairman  Walker,  although  he  does  support  basic  research,  ap- 
pears to  support  what  he  calls  a  linear  or  a  pipeline  theory  of  tech- 
nological innovation. 

This  model  says  that  basic  research  leads  directly  to  applied  re- 
search and  product  development,  you  know,  just  boom,  boom,  boom. 
It  is  just,  if  one  happens,  then  the  other  two  are  going  to  happen. 

There  are  a  lot  of  analysts,  however,  that  say  that  innovation  is 
a  whole  lot  more  complicated  than  that,  a  whole  lot  more  inter- 
active than  that,  and  that  a  company,  if  it  sees  technical  risks,  and 
does  not  others  willing  to  be  helpful,  they  get  worried  and  they  do 
not  go  ahead. 

I  would  like  to  have  each  of  you  discuss  that  in  a  non-partisan 
fashion,  because  it  worries  me  greatly.  I  have  seen  it  operating  this 
year,  more  than  last  year.  It  had  its  genesis  a  number  of  years  ago 
in  the  so-called  $10  million  commercialization  amendment,  which 
we  all  know  about. 

But  I  would  appreciate  it  if  you  would  talk  about  that,  because 
I  think  it  is  probably  at  the  heart  of  the  greatest  conflict  here  on 
the  Commerce  Committee. 

Dr.  Gibbons.  Senator  Rockefeller,  it  is  an  issue  that  I  think  is 
globally  being  asked  now  in  addition  to  the  dialog  going  on  within 
Congress  between  both  sides  of  the  aisle  and  with  the  administra- 
tion. 

I  spent  some  time  last  night  speaking  with  my  counterpart  from 
Hungary.  They  are  having  the  same  situation  there.  So  it  is  a  glob- 
al issue  of  the  role  of  governments  in  a  modem  industrial  society. 

I  think  that  the  position  that  the  President  has  taken,  and  I 
strongly  feel  is  appropriate,  is  that  there  is  a  role  for  the  people, 
through  government,  an  important  role  to  play  in  providing  for  our 
futures,  and  that  investment  in  science  and  technology  is  an  agent 
to  enable  that  kind  of  a  future  that  we  would  desire  to  emerge. 

The  question  is,  how  do  you  sort  it  out  between  a  public  domi- 
nated activity,  such  as  fundamental  research,  and  a  private  domi- 
nated activity,  such  as  turning  knowledge  into  products. 
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Now,  there  have  been,  in  times  past,  what  has  been  called  the 
linear  model  of  research  and  development  of  applied  and  basic,  in 
which  somehow  you  start  with  a  discovery  at  the  bench,  and  that 
proceeds  to  applied  research,  and  that  proceeds  to  pre-market  tech- 
nology, and  that  proceeds  to  products,  and  goods,  and  services. 

The  work  that  we  did  a  year  ago,  and  resulted  in  a  publication 
called  "Science  in  the  National  Interest,"  points  out  that  there  is 
now  essentially  a  full  consensus  that  that  model  is  really  not  cor- 
rect. 

But  what  happens  with  new  ideas  is  that  there  is  this  interaction 
between  the  fundamental  work  and  the  development  of  tech- 
nologies, £ind,  in  turn,  the  marketplace. 

It  is  in  that  rich  set  of  feedback  loops  that  occur  in  our  society 
that  we  have  enjoyed  so  much  gain  here  in  these  past  several  dec- 
ades. 

That  is  the  reason,  for  instance,  the  Bell  Telephone  Labs  being 
located  right  up  next  to  production  and  product  development  in 
AT&T  was  such  a  powerful  combination.  If  you  separate  those 
things,  then  you  have  created  a  gulf  that  gives  us  real  problems. 

So  we  believe  in  trying  to  help — not  only  sustain  the  notion  that 
fundamental  research  is  fundamentally  a  governmental  activity, 
because  the  gains  are  large,  but  they  cannot  be  captured  by  the  in- 
dividual firm.  They  are  public  gains.  They  distribute  across  indus- 
try and  the  rest  of  our  society. 

On  the  other  hand,  when  gains  can  be  captured  by  the  firm,  then 
that  is  a  very  appropriate  and  necessary  and  fundamental  role  for 
industry.  I  do  not  think  industry  has  a  basic  problem  with  these 
things. 

Most  of  the  industrialists  I  talk  with  sort  this  out  pretty  readily, 
and  they  do  support  things  like,  for  instance,  the  ATP,  in  general, 
because  they  see  that  as  the  merging  grounds  where  you  are  cost- 
sharing,  you  are  doing  it  on  the  basis  of  an  industry-led  kind  of  ac- 
tivity. 

But  the  public  gain  in  there  is  so  large  that  when  you  add  some 
public  funds  to  the  private  funds,  with  this  kind  of  lined  up  mutual 
interest,  then  you  get  over  the  hurdles  that  otherwise  you  cannot 
get  over,  because  industry  should  not  be  expected  to  make  an  in- 
vestment where  they  cannot  capture  the  return.  And  that  is  the 
basic  problem,  as  you  move  up  toward  basic  research. 

I  would  be  happy  to  go  on,  but  I  have  already  used  up  my  time. 

Senator  Rockefeller.  Would  you  like  to  add  something. 

Dr.  Lane? 

Dr.  Lane.  Senator,  as  you  know,  NSF  makes  most  of  its  invest- 
ment in  universities  and  colleges,  so  the  interaction  with  industry 
takes  place  there.  It  is  cooperation  between  a  university  and  a  com- 
pany. 

Many  of  our  programs,  particularly  the  Engineering  Research 
Centers,  Science  Technology  Centers,  have  corporate  partners. 

I  talk  with  them  from  time  to  time.  We  are  very  pleased  that 
they  are  interested  in  basic  research  that  NSF  supports,  and  ask 
why  are  they  interested,  and  get  different  reasons  from  different 
companies. 
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There  are  lots  of  different  sectors.  My  view  is  that  one  can  find 
examples  where  the  linear  model  works  just  fine,  and  then  one  can 
find  many  examples  where  it  is  much  more  complex. 

We  find  small  companies  who  want  to  have  people  in  the  univer- 
sity's research  laboratory  for  a  substantial  amount  of  time,  and 
they  help  contribute  to  the  cost  of  doing  the  research. 

That  is  good  for  the  university,  because  that  brings  important  in- 
formation to  help  improve  the  educational  environment  for  the  stu- 
dents. They  know  better  what  students  need  to  learn.  It  helps  in- 
dustry, because  industry  has  access  then  to  the  discoveries. 

So  we  think  the  partnerships  are  very  important  in  the  programs 
that  we  support,  and  in  our  interactions  with  industry,  we  get  very 
strong  statements  of  support  for  continuing  those  activities. 

Senator  Rockefeller.  Mr.  Chairman,  could  I  add  just  one  ques- 
tion  

Senator  Burns.  Sure. 

Senator  Rockefeller  [continuing].  Is  that  OK?  The  global  com- 
petitive situation,  as  dynamic  as  it  is,  has  really  caused  a  lot  of 
large  corporations  to  look  at  their  research  and  development,  and 
frankly,  in  many  cases,  to  freeze  their  research  and  development, 
and  to  make  it  a  much  less  significant  part  of  what  they  do.  Then 
you  mentioned  Bell  Labs,  and  that  is  a  classic  example.  They  are 
just  doing  a  fraction  of  what  they  used  to  do. 

Now,  the  question,  I  suppose  then,  is:  What  does  that  mean,  in 
your  judgment.  Dr.  Gibbons,  for  the  long-term  Federal  role  in  sup- 
port of  long-term  research  and  development,  given  the  context  of 
my  previous  question? 

Dr.  Gibbons.  Senator  Rockefeller,  I  would  first  like  to  add  a 
point  I  omitted  in  my  last  answer,  namely,  this  business  of  the 
public-private  ventures.  I  think  your  properly  mentioned  that  high- 
performance  computing  was  a  Reagan  Administration  initiative. 

The  advanced  technology  program  was  a  Bush  Administration 
initiative,  £ind  my  predecessor,  Alan  Brownley,  was,  I  think,  prop- 
erly proud  that  they  were  authors  of  that,  and  it  had  its  origins 
under  a  Republican  administration.  So  I  think  it  has  a  strong  bi- 
partisan basis. 

Senator  Rockefeller.  Doctor,  there  are  a  number  of  us  that 
worked  very,  very  hard,  bringing  in  Secretary  Perry,  John  Deutsch, 
and  others,  opening  up  forums  to  Republicans  and  Democrats,  both 
members  and  staff,  to  talk  about  ATP,  to  talk  about  TRP,  to  try 
to  show  how  dual  use  from  the  Defense  Department  was  something 
that  they  valued,  it  was  good. 

All  of  a  sudden,  these  have  become  very  controversial,  in  some 
cases,  ideological,  and  what  was  accepted  several  years  ago  now  is 
looked  upon  very,  very  carefully,  almost  like  a  chasm. 

I  mean,  do  you  believe  that  government  should  interfere  or  do 
you  not?  It  has  become,  in  some  ways,  ideological. 

Hence,  I  am  disturbed,  because  it  seems  to  be  not  so  much  to  be 
practical  and  what  ends  up  serving  the  country  best,  but  rather 
what  fits  the  philosophy  best. 

Dr.  Gibbons.  I  share  your  disturbance,  because  the  basic  facts 
have  not  changed.  In  fact,  the  facts  that  have  come  in  over  the  past 
couple  of  years  further  underscore  the  value  of  these  programs. 
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So  I  would  hope  that  we  could  get  back  to  looking  harder  at  the 
facts,  and  making  our  decisions  based  more  on  the  evidence,  than 
perhaps  is  now  in  the  noise  level  of  the  present  debate. 

But  you  also  mentioned  this  question  about  the  change  of  situa- 
tion between  what  we  used  to  obtain  when  industry  carried  out  a 
lot  of,  in  fact,  fundamental  research, 

I  think  we  can  all  remember  that,  let  us  take  the  Bell  Labs 
again,  that  was  an  industry  that  was  regulated,  and,  therefore,  had 
certain  protection  of  its  markets  and  profits,  and  therefore,  was 
able  to  roll  in  that  kind  of  research. 

When  new  regulation  occurred,  and  there  was  an  open  free  mar- 
ket operating,  that  kind  of  protection  of  research  was  no  longer 
there,  and  the  industry  generally  feels  that  that  is  not  there,  it 
transforms,* it  is  still,  in  a  sense,  a  publicly  subsidized  activity,  ex- 
cept it  moved  from  a  subsidized  industry  to  the  Federal  programs. 
I  would  like  to  give  you  one  small  example  of  what  is  happening 
these  days. 

Very  advanced  work  on  the  nature  of  materials,  inorganic  mate- 
rials, organic  molecules,  living  cells,  more  and  more  is  depending 
on  a  technique  called  neutron  scattering. 

The  latest  American  physics  Nobel  Prize,  by  Clifford  Show,  was 
based  on  his  work  earlier  on  neutron  scattering.  We  used  to  have 
the  world's  lead  on  neutron  scattering  capabilities,  to  take  big  ma- 
chines, a  large  reactor  or  a  large  accelerator.  That  lead  now  is  in 
Europe. 

Americans  are  faced  with  the  question,  do  we  want  to  have  that 
kind  of  capability?  It  is  not  a  system  that  an  individual  industry 
could  possibly  justify  building.  It  is  an  opportunity,  though,  for  the 
public  to  invest  in  a  fundamental  facility  that  can  be  used  for  fun- 
damental work,  or  also  on  the  side  for  applied  work. 

We  are  now  facing  the  question  of  should  the  U.S.  regain  its  lead 
in  neutron  scattering  for  this  enormously  wide  variety  of  opportuni- 
ties in  fundamental  and  applied  science,  or  should  we  hand  it  off 
to  Europe? 

That  is  the  kind  of  question  that  this  and  next  year's  budget  is 
going  to  have  to  deal  with,  because  the  wav  the  budgets  are  going, 
we  are  simply  not  going  to  be  able  to  afford  to  build  such  a  system, 
and  we  are  going  to  hand  off  the  lead  to  Europe. 

Senator  Rockefeller.  Thank  you,  Mr.  Chairman. 

Senator  BURNS.  Dr.  Gibbons  and  Dr.  Lane,  it  always  seems  to  me 
like,  to  follow  the  thinking  of  Senator  Rockefeller,  that  we  have 
come  under  criticism  that  some  people  would  call  even  the  ATP  or 
the  manufacturing  technology,  in  other  words,  we  are  starting  to 
pick  winners  and  losers,  and  that  is  industrial  policy. 

That  should  not  be  set  here  in  the  halls  of  Congress. 

That  should  be  in  the  private  sector. 

I  know  whenever  we  start  making  our  grants,  and  we  start  doing 
business  with  people,  we  have  to  make  that  decision.  It  is  a  very 
fine  line  in  developing  the  criteria  of  where  we  go  and  where  we 
do  not  go,  or  if  we  help  at  all,  from  public  funds. 

Is  there  a  criteria  that  you  have  developed  on  how  do  we  do  that, 
and  not  be  accused  of  setting  industrial  policy? 

Dr.  Gibbons.  Yes,  sir.  And  I  think  it  is  reflected  in  the  ways  the 
ATP  is  organized,  and  the  TRP.  The  fact  that  they  are  fundamen- 
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tally  cross-shared,  that  they  are  industry  led,  not  government  led, 
that  they  focus  on  technologies  that  do  not  just  provide  a  firm  with 
a  profit  and  a  product,  but  they  provide  a  technology  and  a  capabil- 
ity that  has  ubiquitous  implications  for  other  industries  as  well,  in 
other  words,  advances  that  enable  a  great  variety  of  industries  to 
be  able  to  hone  their  skills  and  compete  better  in  the  marketplace, 
and  they  are  also  done  purely  on  merit  and  merit  review. 

There  is  no  pork  in  there.  They  are  strong  and  well-defined  mile- 
stones, and  advance  about  when  you  either  go  ahead  or  you  turn 
it  off,  and  then  comes  evaluations. 

So  with  these  various  kinds  of  checks  and  balances  in  there,  this 
thing  could  not  be  farther  away  fi-om  what  people  describe  as  the 
so-called  industrial  policy. 

On  the  other  hand,  I  believe  it  does  reflect  the  extraordinary 
record  that  America  has  in  these  kinds  of  co-venturings  in  the  past, 
because  we  have  enabled  very  broad  technology,  such  as  aviation, 
agriculture,  to  come  forward,  and  they  are  now  our  leading,  strong- 
est, and  resilient  industries  we  have. 

Senator  Burns.  Well,  we  are  going  to  come  to  you  for  a  little  bit 
of  help  over  in  agriculture.  I  think  from  the  hearing  we  had  the 
other  day,  and  you  pretty  well  know  where  we  are  coming  from,  we 
keep  seeing  the  dwindling  of  funds  in  ARS,  Agriculture  Research 
Service,  and  I  am  concerned  about  some  of  our  areas,  because  I 
still  think,  no  matter  what  we  do  in  this  nation,  we  eat  first. 

And  if  you  do  not  feed  a  society,  sending  a  rocket  up  in  the  air 
does  not  mean  a  damn  thing  if  you  are  hungry.  So  I  think  we  have 
to  put  our  priorities  in  line. 

Another  area  that  I  am  going  to  ask  another  question  in,  and 
then  I  have  no  more  for  this  panel,  but  I  am  concerned  a  little  bit, 
because  I  am  very  much  supportive  of  the  EPSCoR. 

EPSCoR  has  enabled  small  institutions  in  rural  states  to  help  us 
do  a  lot  of  things  in  R&D  in  our  institutions. 

But  I  know  that  we  have  a  cutback  of  about  3  percent. 

Dr.  Lane,  in  EPSCoR,  and  I  am  wondering  is  that  an  indication 
of  greater  cuts  to  come,  or  are  my  feelings  ill-founded? 

l3r.  Lane.  Mr.  Chairman,  the  EPSCoR  program,  as  you  know,  is 
a  merit-based  program.  It  is  a  very  strong  program  and,  we  think, 
quite  a  successful  one. 

We  are  in  a  2-year  period  of  comprehensive  review  of  the 
EPSCoR  program,  in  the  same  sense  that  it  is  a  real  challenge  to 
reform  the  nation's  education  system,  and,  therefore,  we  must  pro- 
ceed cautiously  and  very  selectively. 

The  EPSCoR  program  is  trying  to  do  something  very  challenging, 
but  also,  very  important.  It  is  to  enable  states  that  have  not  had 
a  significant  amount  of  R&D  funding  to  become  competitive,  or 
rather  for  the  researchers  to  become  competitive  in  the  grant  proc- 
ess, and  to  help  establish  a  science  and  technology  base. 

It  is  not  a  program  expected  to  continue  to  support  science  and 
technology  in  a  state.  It  is  a  program  to  lift,  to  give  a  leg  up.  As 
I  said,  we  see  many  excellent  examples  of  success  in  that  program. 
We  strongly  support  the  program. 

The  slight  reduction  in  the  1996  request  does  not  mean  it  is  not 
a  high  priority  for  us.  It  means  that  in  that  particular  year,  in 
1996— -for  the  reasons  I  said  earlier,  that  I  will  not  repeat,  we  want 
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to  make  the  investment  in  the  normal  grant  process,  because,  well, 
to  put  it  in  EPSCoR  language,  I  guess,  once  we  have  gotten  a  fac- 
ulty member  competitive  for  the  normal  grant  process,  if  there  are 
not  enough  grants  given  at  that  stage,  so  that  the  person  is  left 
stranded,  then  the  balance  is  wrong,  it  is  not  working. 

We  do  not  know  that  the  balance  is  wrong,  and  this  is  not  a  sig- 
nal that  we  would  expect  to,  in  any  way,  lower  our  priority  of  the 
EPSCoR  program.  Our  evaluation  is  to  give  us  all  the  information 
we  need  on  that. 

But  we  want  to  make  sure  that  the  normal  grant  program  is  for 
everybody,  including  these  wonderful  success  stories,  individuals 
who  graduated  from  the  EPSCoR  program.  We  want  to  make  sure 
those  opportunities  are  there. 

Senator  Burns.  Well,  thank  you.  That  is  all  the  questions  I  have. 
I  want  to  just  thank — do  you  have  any  more  questions?  OK. 

Then  I  will  just — well,  I  want  to  thank  each  one  of  you  for  your 
interest,  but  I  also  want  to  thank  you  for  the  cooperation  that  you 
have  shown  to  me  in  working  me  through  this,  because  I  am  not 
a  technical  person,  and  I  am  not  a  scientific  person,  I  am  just  a 
person. 

Your  leadership  on  this,  and  helping  me  understand,  and  get 
over  some  rough  things,  I  really  want  to  thank  you  for  that.  I  ap- 
preciate your  cooperation  very  much  in  working  with  me.  I  know 
at  times  it  is  probably  quite  trying. 

Dr.  Lane.  Mr.  Chairman,  could  I  thank  you  in  public  for  the  di- 
nosaur tooth  that  you  presented  me  at  the  EPSCoR  celebration  a 
couple  of  weeks  ago?  It  is  in  a  place  of  honor,  and  at  NSF  we  really 
appreciate  that. 

Senator  Burns.  To  enlighten  everybody  else,  they  have  been  very 
instrumental  in  the  Museum  of  the  Rockies,  which  is  connected  to 
the  Montana  State  University,  where  we  have  a  Rex,  and  I  am  not 
going  to  go  over  the  dinosaurs,  whatever,  or  Taurus  the  Bull,  or 
anything  else. 

Maybe  our  Speaker  of  the  House  will  show  quite  a  lot  of  interest 
in  this.  I  have  never  been  able  to  dig  much  meat  off  the  bones  that 
they  are  digging  out  of  the  ground,  and  I  am  kind  of  a  meat  and 
potato  guy. 

So  we  appreciate  the  work  that  Dr.  Jack  Horner  has  done  out 
there  in  that  respect,  and  we  appreciate  you. 

Senator  Rockefeller,  I  am  sorry  we  got  off  on  this  tangent  here. 

Senator  Rockefeller.  No.  No.  That  was  highly  entertaining. 
[Laughter.] 

Senator  Burns.  It  did  not  solve  anything,  but  it  was  entertain- 
ing. 

Senator  Rockefeller.  Dr.  Lane,  I  have  two  questions  for  you, 
sir. 

Dr.  Gibbons,  maybe  the  second  one  could  also  go  to  you. 

In  the  beginning,  it  is  my  understanding  that  you,  Dr.  Lane, 
were  rather  skeptical  about  the  EPSCoR 

Dr.  Lane.  That  is  correct. 

Senator  Rockefeller  [continuing].  Program,  and  that  you  got 
involved  with  a  review  panel,  and  that  that  somehow  brought  you 
into  a  different  perception  of  it. 
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And  I  would  like  to  have  you  take  us  through  that,  No.  1.  And 
then  second.  I  want  to  go  back  to  something  which  has  already 
been  covered,  but  I  want  it  to  be  brought  forth  again.  And  that  is 
the  question  that  my  good  friend  Conrad  Bums  mentioned,  and  the 
question  of  industrial  policy. 

If  something  is  of  an  industrial  policy  nature,  it  would  seem  to 
me  that  the  American  industry  would  be  the  first  to  complain,  or 
to  show  skepticism  about  those  programs. 

But  it  is  my  understanding  that  they  are  not  doing  that,  as  you 
said.  Dr.  Gibbons,  that  they  are  able  to  do  things  that  they  simplv 
could  not  otherwise  do  without  this  help.  And  as  you  indicated, 
where  we  developed  programs,  and  where  there  is  the  venture  cap- 
ital program  which  has  not  passed,  that  was  in  S.  4  in  the  past 
Congress,  or  it  is  always  industry  that  makes  the  decision. 

They  always  have  tne  lead  position,  so  that  in  a  sense,  it  is  a 
partnership,  but  it  is  not  even  really  equal  partnership. 

It  is  a  partnership  where  the  financial  decisions,  the  merit  deci- 
sions are  made  by  industry,  as  opposed  to  government.  So  those  are 
two  questions,  one  for  each  of  you.  I  am  sorry  to  extend  the  panel, 
but  they  are  important  to  me. 

Dr.  Lane.  Senator  Rockefeller,  on  the  EPSCoR  question,  you  are 
absolutely  right.  When  I  first  heard  about  the  program,  I  thought 
it  was  not  a  good  idea.  That  was  1979,  I  think,  and  it  turns  out 
that  is  the  year  I  was  at  the  NSF  as  division  director  of  physics 
for  a  year. 

But  I  had  the  thoujpjht  that  at  a  time  of  constrained  funding  for 
research,  any  kind  of  fenced  program,  any  program  that  was  not 
competitive  and  went  head  to  head  with  all  the  other  research  pro- 
grams, was  suspect,  and,  therefore,  felt  this  did  not  sound  like  a 
good  idea  to  me.  I  do  not  mean  I  was  vocal  about  it,  but  that  is 
just  the  impression  I  had  at  the  time. 

I  then  was  invited  a  few  years  later  to  join  a  site  visit  team, 
going  to  an  EPSCoR  state,  and  reviewing  the  progress  of  the 
EPSCoR  grant  there. 

I  was  struck,  I  think  would  be  fair  to  say,  by  a  couple  of  things. 
One  was  the  degree  to  which  a  relatively  small  investment  had 
pulled  together  other  resources  and  people  who  otherwise  were  not 
talking  to  one  another  about  science  and  technology. 

The  site  visiting  team  met  the  Governor,  met  members  of  the  leg- 
islature, other  distinguished  citizens  of  the  state  and  of  the  city 
where  the  university  was  located. 

All  these  important  individuals  cared  deeply  about  the  success  of 
EPSCoR.  It  was  not  so  much  the  initial  investment,  it  was  the 
catalytic  effect  that  that  investment  had  on  activities  surrounding 
science  and  technology  in  the  state. 

I  would  not  have  believed  it  if  I  had  not  seen  it,  but  I  have  seen 
it  over  and  over  again.  That,  in  my  view,  is  the  secret  of  the 
EPSCoR  program.  As  I  say,  we  are  very  happy  with  the  program. 
Our  expectation  is  that  the  reviews  that  are  going  on  will  only  help 
us  improve  the  program. 

Senator  Rockefeller.  Thanks. 

Dr.  Gibbons.  Senator  Rockefeller,  I  think  part  of  the  confusion 
about  the  so-called  industrial  policy  is  that  it  means  different 
things  to  different  people. 
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But  one  of  the  interpretations  of  industrial  policy,  as  I  under- 
stand it,  is  that  somehow  that  connotes  a  kind  of  centrally  planned 
decisions  by  government  about  where  industry  is  going,  and  even 
putting  money  on  the  nose  of  a  particular  firm  or  product. 

I  think  that  will  be  a  terrible  way  to  do,  quite  honestly,  but  that 
is  not  the  way  we  are  trying  to  go  with  these  programs. 

What  we  are  trving  to  do  witn  American  industry  is  to  see  to  it 
that  the  public  role  in  supporting  our  economic  future  be  a  diverse 
set  of  activities  that  can  oe  telling,  in  terms  of  what  they  provide 
for  us,  not  only  here  and  now,  in  creating  jobs,  but  also  for  the  fu- 
ture. 

So  we  work  very  hard  together  on  the  support  of  fundamental  re- 
search. There  is  no  interest  group  in  America  more  solidly  behind 
the  vigorous  support  of  fundamental  science  by  the  Federal  Gov- 
ernment than  industry  itself.  I  think  all  of  us  understand  that. 

Industry  is  very  supportive  of  the  notion  of  public  policies  that 
enable  them  to  do  their  job  better,  whether  it  be  subsidies  through 
long-term  investments  that  one  gets  from  research  and  engineering 
tax  credits,  or  improved  regulatory  procedures,  where  they  can  ful- 
fill regulatory  needs,  but  in  a  way  that  is  less  costly  to  them. 

Through  these  kinds  of  partnerships  that  we  have  been  speaking 
about  this  morning,  in  which  the  public  sector,  the  public  good  is 
lined  up  with  the  private  good,  and  you  co-join  in  a  true  partner- 
ship effort,  whether  it  be  the  clean  car  ideas,  or  improved  construc- 
tion, or  the  manifold  of  things  that  are  coming  out  of  the  Federal 
labs,  where,  again,  it  is  a  mutual  self-interest,  and  all  of  these  are 
being  very  carefully  couched  on  the  conditions  that  it  be  industry 
led. 

But  the  government  has  its  role  in  also  identifying  the  public  sec- 
tor return.  If  it  is  not  there,  then  the  government  money  will  not 
go  into  it. 

And  I  think  these  have  been  honed  over  these  recent  years,  and 
I  believe  they  hold — the  evidence  is  they  hold  great  promise,  al- 
though we  must  remember  that  they  are  but  one  of  a  set  of — a  col- 
lection of  activities  that,  together,  spell  out  a  new  kind  of  relation- 
ship of  governance  of  our  governance,  as  a  nation,  and  an  economy 
through  industry. 

I  think  it  is  very  promising,  other  countries  are  looking  at  it, 
they  are  emulating  us,  and  I  oelieve  we  are  at  an  opportunity  to 
maintain  our  lead  here. 

So  I  hope,  as  we  said  at  the  outset  this  morning,  that  we  can  con- 
tinue to  look  at  the  facts,  measure  the  outcome,  test  the  system 
openly  and  carefully.  And  I  believe  when  we  do  so,  we  will  have 
a  very  strong  opportunity  for  full  bipartisan  support  of  this  work 
in  the  years  ahead. 

Senator  Rockefeller.  Thank  you  both  very  much. 

And  thank  you,  Mr.  Chairman,  for  your  courtesy. 

Senator  Burns.  Thank  you,  Senator  Rockefeller. 

And  thank  you.  Dr.  Gibbons  and  Dr.  Lane,  for  coming  this  morn- 
ing. I  have  a  couple  of  written  questions  that  we  may  submit  for 
you,  and  if  you  would  answer  those  for  the  committee  and  for  me, 
if  you  would,  please,  at  your — we  will  leave  the  record  open  if  you 
want  to  submit  other  testimony  to  this  hearing,  why,  that  would 
be  available  to  you.  Thank  you  tor  coming  this  morning. 
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Dr.  Lane.  Thank  you  very  much,  Mr.  Chairman. 

Dr.  Gibbons.  Thank  you  very  much. 

[The  questions,  with  responses,  referred  to  are  located  in  the  Ap- 
pendix.] 

Senator  Burns.  Our  second  panel,  a  very  distinguished  panel 
this  morning,  is  Dr.  Robert  Swenson,  who  is  Vice  President  of  Re- 
search from  Montana  State  University,  at  Bozeman,  Montana;  Dr. 
Royce  Engstrom,  who  is  Project  Director  for  South  Dakota  EPSCoR 
Program,  at  the  University  of  South  Dakota,  in  Vermillion,  South 
Dakota.  He  knows  where  Parker  is. 

We  have  Dr.  John  Saunby,  who  is  Director  of  Union  Carbide 
Technical  Center,  at  Salem,  South  Carolina,  and  Dr.  Joseph  Danek, 
who  is  Executive  Director,  EPSCoR  Foundation,  here  in  Washing- 
ton. 

Gentlemen,  if  you  would  come  forward,  please,  we  would  like  to 
hear  from  you.  [Pause.] 

Senator  Burns.  Thank  you  very  much,  gentlemen,  for  coming 
this  morning.  We  will  just  take  you  in  order  here. 

Dr.  Swenson,  welcome,  and  we  appreciate  you  being  here  this 
morning. 

Dr.  Swenson.  Thank  you.  Do  you  mind  if  I  defer  to  my  col- 
league? 

Senator  Burns.  No.  You  may  yield  to  anyone  that  you  would  like 
to. 

Dr.  Swenson.  Thank  you. 

STATEMENT  OF  DR.  JOSEPH  G.  DANEK,  EXECUTIVE 
DIRECTOR,  EPSCoR  FOUNDATION 

Dr.  Danek.  I  believe  I  am  the  one  that  comes  first,  because  what 
I  am  going  to  do,  sir,  is  provide  an  overview  of  the  EPSCoR  pro- 
gram. We  will  then  discuss  specific  examples  from  particular  states 
that  are  represented  here  today. 

Senator  Burns.  OK,  Dr.  Danek.  Thank  you. 

Dr.  Danek.  Thank  you. 

Mr.  Chairman,  Senator  Rockefeller,  thank  you  very  much  for  the 
opportunity  to  appear  here  today  to  talk  about  the  EPSCoR  pro- 
gram. I  also  want  to  thank  you  for  your  long-standing  support  of 
the  ESPCoR  initiative  and  for  your  support  of  the  states  that  par- 
ticipate in  the  program. 

I  am  Joseph  Danek,  Executive  Director  of  the  EPSCoR  Founda- 
tion, a  newly  established,  nonprofit  501(c)3,  organization  to  ad- 
vance science  and  technology  in  the  EPSCoR  states.  [Slide  1.] 

Dr.  Danek.  The  EPSCoR  program,  which  is  shown  on  the  slide, 
stands  for  the  Experimental  Program  to  Stimulate  Competitive  Re- 
search. 

The  basic  objective  of  the  program  is  to  develop  the  science  and 
technology  capability  of  states  that  traditionally  have  been  the 
least  competitive  for  Federal  research  funds.  The  program  started 
in  1979  in  response  to  congressional  concern  over  the  uneven  geo- 
graphic distribution  of  Federal  research  funds  in  this  country. 

If  I  might  have  the  map,  please.  [Slide  2.] 

Dr.  Danek.  As  shown  in  the  map,  18  states  and  Puerto  Rico  par- 
ticipate in  the  EPSCoR  program.  These  states — designated  as  the 
EPSCoR  states — receive  the  least  amount  of  Federal  funds  among 
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all  states  in  the  country.  It  is  estimated  that  approximately  7  per- 
cent of  the  total  amount  of  Federal  R&D  funds  awarded  to  univer- 
sities and  colleges  on  an  annual  basis  is  awarded  to  the  EPSCoR 
states.  That  is  a  little  less  than  7  percent  of  the  NSF  budget,  annu- 
ally. 

Senator  Burns.  Are  the  red  ones  the  ones  that  receive  the  least? 

Dr.  Danek.  All  of  those  states  receive  the  least  amount  of  Fed- 
eral fimding. 

The  red  ones  are  the  first  states  that  were  entered  into  the  pro- 
gram, in  1980. 

Senator  Burns.  I  see.  OK. 

Dr.  Danek.  The  colors  show  the  date  of  entry  into  the  program. 
The  EPSCoR  program  is  a  state  and  Federal  partnership  that  is 
designed  to  increase  competitiveness  of  individual  scientists  for 
Federal  funds. 

It  has  had  remarkable  achievements.  It  has  been  successful  and 
productive  in  many  ways,  because  of  the  fact  that  EPSCoR  has,  at 
its  very  core  (1)  rigorous  standards;  (2)  high  achievement;  and  (3) 
broad-Jbased  support  across  the  states. 

I  might  add  that  part  of  this  success  can  be  attributed  to  the 
very  constructive  and  proactive  management  on  the  part  of  the  Na- 
tional Science  Foundation  in  working  with  EPSCoR  states  imder 
this  program.  I  would  like  to  commend  Dr.  Lane,  Dr.  Williams,  and 
their  staff. 

In  1991,  the  Congress,  after  reviewing  the  EPSCoR  program,  ex- 
tended the  program  to  several  other  Federal  agencies.  The  six 
agencies — as  shown  in  the  box  on  the  far  right — that  now  have 
EPSCoR  initiatives  are:  the  Department  of  Agriculture  (USDA),  the 
Department  of  Defense  (DoD),  the  Environmental  Protection  Agen- 
cy (EPA),  the  Department  of  Energy  (DoE),  the  National  Aero- 
nautics and  Space  Administration  (NASA),  and  the  National  Insti- 
tute of  Health  (NIH).  The  total  approved  for  those  programs  in  FY 
1995  was  $81  milHon. 

The  Administration's  request  for  FY  1996  is  $45  million,  a  44- 
percent  reduction  in  the  EPSCoR  program  account  across  the  agen- 
cies. 

To  put  this  in  perspective,  the  EPSCoR  program  total  across  the 
agencies  of  $45  million  represents  less  than  one-half  of  1  percent 
of  the  total  Federal  investment  in  R&D.  And  within  the  NSF,  it 
represents  about  1  percent  of  the  NSF  budget. 

Now,  to  put  this  in  further  perspective,  I  would  like  to  give  you 
a  few  facts  about  the  distribution  of  the  R&D  across  the  country. 

Just  three  facts:  (1)  In  1992,  Johns  Hopkins  University  and  MIT 
received  almost  as  many  Federal  dollars  for  research  than  univer- 
sities in  the  18  EPSCoR  states  and  Puerto  Rico  combined;  (2)  the 
top  10  non-EPSCoR  states  received  about  two-thirds  of  all  Federal 
funds  for  research  and  development  to  universities  and  colleges. 
The  18  EPSCoR  states  and  Puerto  Rico  received  about  7  percent; 
and  (3)  the  Administration's  request  for  EPSCoR  in  FY  1996,  as  I 
indicated  before,  is  $45  million.  Seventy  separate  non-EPSCoR 
universities  in  this  country  each  received  more  R&D  funds  than 
$45  million  last  year.  [SHde  3.] 
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Now,  the  geographic  distribution  issue  and  the  concern  that  we 
are  discussing  here  today  via  the  EPSCoR  program — developing 
the  S&T  capabiHties  across  the  country — is  not  new. 

IN  fact,  it  can  be  traced  to  the  initial  debate  over  the  purpose 
of  the  National  Science  Foundation  between  1945  and  1950.  I  think 
it  is  very  interesting  to  note  just  a  few  things. 

The  debate  occurred  primarily  between  Vannevar  Bush  and  Sen- 
ator Harvey  Kilgore.  Vannevar  Bush,  who  wrote  "The  Endless 
Frontier,"  the  document  from  which  the  NSF  traces  its  origin,  fa- 
vored using  existing  centers  of  excellence  to  carry  out  the  goals  of 
the  NSF. 

Senator  Kilgore  from  West  Virginia,  who  actually  first  proposed 
a  new  science  aganecy  and  called  it  the  National  Science  Founda- 
tion, wanted  to  use  the  NSF  to  build  a  greater  capability  across  the 
nation. 

In  fact.  Senator  Kilgore's  proposal  for  the  NSF  would  have  re- 
quired that  the  NSF  provide  25  percent  of  its  funding  first  on  the 
basis  of  population  and  then  allocate  the  remaining  percent  on  the 
basis  of  scientific  merit.  [Slide  3.] 

The  issues  that  we  are  discussing  today  are  clear  evidence  that 
the  debate  that  framed  the  initial  part  of  the  foundation  and  its  or- 
igin is  still  relevant  today. 

EPSCoR  is  a  Federal/state  partnership.  I  would  like  to  change  it. 

It  is  a  state/Federal  partnership,  because  it  is  directed  at  achiev- 
ing the  goals  of  the  state.  It  is  the  states  that  determine  the  areas 
that  are  going  to  be  developed  and  those  activities  that  will  be  sup- 
ported. 

EPSCoR  seeks  systemic  change  by  asking  states  to  create  a  clear 
vision  for  science  and  technology  that  values  academic  research.  It 
asks  for  a  strong  commitment  from  the  state  leadership  to  use 
EPSCoR  as  a  catalyst  for  change. 

And  it  is  based  on  a  very  strong  and  competitive  plan  for  devel- 
oping research  that  links  education  and  technology  development. 
Its  final  characterstic  is  that  it  is  based  on  significant  achieve- 
ments. [Slide  5.] 

The  achievements  of  the  EPSCoR  program  will  be  discussed  in 
more  detail  by  my  colleagues  here.  But  suffice  it  to  say, 

EPSCoR  has  had  dramatic  and  measurable  results  in  a  number 
of  areas.  It  is  strengthening  academic  research;  building  the  sci- 
entific infrastructure;  creating  partnerships;  developing  human  re- 
sources and  advancing  technology  transfer  within  the  states.  It  has 
been  a  sound  investment  in  America.  [Slide  6.] 

Dr.  Danek.  As  you  consider  the  FY  96  budget  for  NSF  and  the 
future  of  EPSCoR  in  developing  science  &  technology,  the  Founda- 
tion offers  the  following  recommendations.  The  first  is  that  we 
would  ask  you  to  revise  the  NSF  Act  to  strengthen  the  mandate 
of  the  NSF  to  develop  the  science  capability  in  all  states,  including 
the  EPSCoR  states. 

Second,  we  would  ask  that  you  recommend  the  creation  of  fur- 
ther incentives  to  mainstream  EPSCoR  research  groups  and  clus- 
ters into  the  mainstream  NSF  and  other  Federal  agency  programs 
that  were  talked  about  today  by  Dr.  Gibbons  and  Dr.  Lane. 

Third,  we  would  ask  that  you  further  develop  human  resources 
in  the  EPSCoR  states  through  the  creation  of  traineeship  programs 
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that  are  shared  between  the  Research  Directorates  and  the  EHR 
Directorate. 

We  would  ask  you  to  consider  raising  the  base  Systemic  Improve- 
ment Award  under  the  EPSCoR  program  from  what  is  a  maximum 
now  of  $1.5  milHon  per  state  to  up  to  $3  million  per  state  per 
years.  [Slide  7] 

Fourth,  a  Federal-wide  level,  we  would  ask  that  you  look  at  the 
Federal-wide  programs  and  to  recommend  the  establishment  of  a 
stable  core  of  programs  in  the  agencies  noted.  We  ould  also  rec- 
ommend the  establishment  of  an  EPSCoR-like  program  within  the 
Department  of  Commerce  and  to  use  the  EPSCoR  developed  re- 
search expertise  and  human  capital  to  strengthen  the  private  sec- 
tor, through  a  technology  development  program  within  the  Depart- 
ment of  Commerce  for  the  EPSCoR  states. 

And  finally,  we  would  ask  the  Office  of  Science  and  Technology 
Policy  to  take  a  more  active  role,  as  what  Dr.  Gibbons  was  talking 
about  this  morning,  in  integrating  the  EPSCoR  program  into  the 
many  issues  that  the  government  deals  with  and  in  which  it  sets 
its  priority  for  the  future  and  the  future  of  one-third  of  the  nation, 
the  EPSCoR  states.  [Slide  7B.] 

I  thsmk  you  for  the  time  today. 

Senator  Burns.  Thank  you.  Dr.  Danek. 

[The  prepared  statement  of  Dr.  Danek  follows:] 
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I.  INTRODUCTORY  COMMENTS.  I  wish  to  thank  the  members  of  the  Subcommittee 
for  the  opportunity  to  appear  before  you  today  as  well  as  for  your  on-going  support  of 
the  EPSCoR  initiative.  1  also  want  to  express  appreciation  to  NSF  Director  Neal  Lane 
and  Assistant  Director  Luther  Williams  for  their  continued  support  as  well. 

I  am  Joseph  G.  Danek,  Executive  Director  of  the  EPSCoR  Foundation,  a  non-profit,  501 
(c)  3  organization  dedicated  to  the  advancement  of  science  and  technology  (S&T)  in  the 
18  EPSCoR  states  and  the  Commonwealth  of  Puerto  Rico. 

EPSCoR  stands  for  the  "Experimental  Program  to  Stimulate  Competitive  Research."  Its 
name  conveys  clearly  its  goal;  to  stimulate  better  research  in  underfunded  states  and 
increase  the  ability  of  scientists  in  these  states  to  compete  for  Federal  research  support. 
The  National  Science  Foundation  (NSF)  created  EPSCoR  in  response  to  concerns 
about  the  uneven  distribution  of  Federal  support  for  university-based  research  and 
development  (R&D). 

II.  FEDERAL  R&D  DISTRIBUTION.    Few  things  in  the  United  States  are  as  highly 
concentrated  as  Federal  R&D  support  to  universities  and  colleges. 

Let  me  start  with  a  few  frets  about  the  distribution  of  these  funds  to  put  the  present 
EPSCoR  initiative  in  perspective  for  you. 

•  In  1992,  the  government  awarded  almost  as  many  Federal  dollars  for 
research  and  development  to  Johns  Hopkins  University  and  MIT  as  it  awarded 
to  all  universities  in  the  18  EPSCoR  states  and  Puerto  Rico,  combined  . 

•  On  a  state  level,  10  states  received  about  two-thirds  of  all  Federal  R&D 
support  to  universities  and  colleges;  the  19  EPSCoR  states  received  about 
7%. 

•  In  1992,  70  universities  each  received  more  than  $45  million  in  Federal  R&D 
funds.  This  is  more  than  the  Administration  has  requested  in  fiscal  year  (FY) 
96  for  the  entire  Federal-wide  EPSCoR  initiative. 
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III.  BACKGROUND.  The  NSF  honors  Vannevar  Bush  as  its  founding  father.  His 
famous  report  Science  the  Endless  Frontier  is  the  document  from  which  the  Foundation 
traces  its  origin. 

But  in  doing  so,  we  slight  Senator  Harley  M.  Kilgore  of  West  Virginia  who  held  ideas 
quite  different  from  Bush's  about  the  purpose  of  NSF.  Senator  Kilgore  first  proposed  the 
creation  of  a  new  Federal  science  agency  during  World  War  II,  and  he  called  it  the 
National  Science  Foundation. 

Four  issues  were  at  the  heart  of  the  debate  between  Vannevar  Bush  and  Senator 
Kilgore: 

•  Bush  favored  a  focus  on  the  natural  sciences;  Kilgore  believed  that  the 
social  sciences  were  equally  important. 

•  Bush  favored  research  to  develop  knowledge  for  its  own  sake;  Kilgore 
sought  to  use  new  knowledge  for  the  social  good. 

•  Bush  favored  control  of  the  Foundation  by  the  scientific  community;  Kilgore 
favored  broader  input. 

•  Bush  favored  using  existing  centers  of  excellence;  Kilgore  wanted  to  use 
the  Science  Foundation  to  build  greater  capability  across  the  nation. 

In  fact,  Senator  Kilgore's  proposal  for  the  NSF  required  that  25  percent  of  the 
Foundation's  annual  budget  be  allocated  to  the  States  geographically  (two-fifths  in 
equal  shares  and  three-fifths  on  the  basis  of  population).  The  remaining  75  percent 
could  then  be  allocated  through  the  national  merit  review  process. 

In  1978,  in  hearings  similar  to  today's,  the  House  and  the  Senate  again  debated  the 
issue  of  the  importance  of  developing  scientific  and  technical  talent  nationwide.  The 
idea  of  allocating  a  portion  of  the  NSF  funds  on  a  geographic  basis  was  discussed 
again.   In  response,  the  Foundation  initiated  the  EPSCoR  program. 

This  hearing  today  is  further  evidence  that  the  issues  that  framed  the  debate  about  the 
purpose  of  the  NSF  almost  50  years  ago  continue  to  be  relevant  today.  These  issues, 
such  as  idea-based  versus  technology  driven  research,  the  proper  mix  of  scientific 
freedom  and  political  direction  and  the  geographic  distribution  of  capability  continue  to 
stir  controversy  over  what  is  best  for  America. 

The  NSF  established  EPSCoR  in  1979  in  response  to  concerns  about  the  uneven 
geographic  distribution  of  Federal  support  for  university  research  and  development. 
EPSCoR  is  designed  to  stimulate  better  research  in  underfunded  states  and  increase 
the  ability  of  scientists  in  these  states  to  compete  for  Federal  research  support. 
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In  1990,  after  reviewing  the  results  of  the  NSF  experiment,  Congress  began  expanding 
EPSCoR  beyond  NSF.  Today,  EPSCoR  is  a  set  of  competitive,  merit-based  programs 
at  seven  Federal  agencies:  the  National  Science  Foundation;  the  Departments  of 
Agriculture  (USDA),  Energy  (DOE)  and  Defense  (DOD);  the  Environmental  Protection 
Agency  (EPA);  the  National  Aeronautics  and  Space  Administration  (NASA);  and  the 
National  Institutes  of  Health  (NIH). 

Eighteen  states  and  the  Commonwealth  of  Puerto  Rico  now  participate  in  the  NSF 
EPSCoR  program.    Eligible  participants  include:  Alabama,  Arkansas,  Idaho,  Kansas, 
Kentucky,  Louisiana,  Maine,  Mississippi,  Montana,  Nebraska,  Nevada,  North  Dakota, 
Oklahoma,  South  Carolina,  South  Dakota,  Vermont,  West  Virginia,  Wyoming  and  the 
Commonwealth  of  Puerto  Rico.  The  attached  map  shows  the  point  of  each  state's  entry 
into  the  program  from  1980  through  1992. 

The  Administration's  FY  96  request  for  all  EPSCoR  programs  is  $45.3  million,  a  44% 
reduction  from  last  year's  appropriated  level.  Let  me  re-emphasize  that.. ..a  44% 
reduction.  The  NSF  portion  of  this  is  $35  million  -  down  $1  million  from  FY  95. 

IV.  THE  EPSCoR  CONCEPT.  EPSCoR  represents  a  Federal-State  partnership  to 
enhance  the  science  and  engineering  research,  education,  and  technology  capabilities 
of  states  that  traditionally  have  received  smaller  amounts  of  Federal  R&D  funds. 
Through  EPSCoR,  participating  states  are  building  an  academic  research  base  that  will 
serve  as  the  backbone  of  a  strong  scientific  and  technological  (S&T)  enterprise. 

Two  types  of  awards  are  made  under  EPSCoR:  Systemic  Improvement  (SI)  cooperative 
agreements  and  smaller  one  to  three  year  non-renewable  Experimental  Systemic 
Initiative  (ESI)  grants.  The  EPSCoR  SI  awards  are  three  year,  cooperative  agreements 
that  total  up  to  $1 .5  million  annually  to  each  State.  These  awards  seek  systemic  and 
sustainable  change.  Systemic  change  in  EPSCoR  means  permanent  changes  in  the 
S&T  enterprise  in  participating  states  and  is  marked  by: 

•  a  clear  State  vision  for  S&T  that  values  competitive  academic  research; 

•  a  commitment  to  use  EPSCoR  as  a  catalyst  for  change;  not  just  a  research 
grant; 

•  a  locally  relevant  high  quality  implementation  plan; 

•  a  plan  that  links  education,  research  and  technology  development  and  creates 
productive  partnerships  across  all  sectors;  and, 

•  significant  achievements. 

V.  EPSCoR  ACHIEVEMENTS.  As  you  will  hear  from  my  colleagues,  ESPCoR  has 
demonstrated  dramatic  and  measurable  effects  on  individual  researchers,  institutions 
and  the  overall  scientific  and  technical  capability  of  the  States. 

•   EPSCoR  strengthens  academic  research.  EPSCoR  empowers  individual 
scientists  and  research  teams  who  can  become  competitive  by  national  standards. 
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EPSCoR  does  not  support  individual  scientists  or  groups  who  are  already  fully 
funded  in  the  regular  "mainstream"  Federal  research  programs.   EPSCoR  is 
dedicated  to  enhancing  capability. 

Individuals  and  teams  of  researchers  seeded  with  EPSCoR  funds  have  gone  on  to 
win  awards  from  mainstream  Federal,  state  and  private  sector  research  programs 
and  they  have  "graduated"  from  EPSCoR. 


EPSCoR  coalesces  leaders  and  builds  the  S&T  infrastructure  for  the  future. 

In  addition  to  the  development  of  individual  researchers  and  groups,  broader- 
based  systemic  improvements  in  the  S&T  environment  are  being  made  in 
EPSCoR  states  to  retain  and  attract  talented  students,  scientists  and 
entrepreneurs. 

The  heart  of  EPSCoR  is  a  state-wide  committee,  composed  of  leading  scientists, 
university  administrators,  state  officials  and  representatives  of  business  and 
industry.  The  committee  is  responsible  for:  (1)  designating  the  areas  to  be 
developed  and  formulating  the  multi-year  EPSCoR  plan  for  the  state;  (2) 
coordinating  the  state  effort  under  EPSCoR;  (3)  exercising  quality  control 
through  the  use  of  external  reviewers;  and  (4)  ensuring  that  the  research 
supported  under  EPSCoR  is  consistent  with  state  economic  and  human  resource 
development  goals. 

EPSCoR  committees  serve  as  catalysts  for  systemic  change,   increased 
cooperation  and  the  development  of  successful  ventures  across  the  S&T  sectors 
has  been  a  hallmark  of  EPSCoR.    EPSCoR  leaders  play  key  roles  in  stimulating 
systemic  reform  in  graduate,  undergraduate  and  K-12  science  and  mathematics 
and  technology  education.    Early  agreements  among  institutions  to  work  as  a 
team,  forged  under  EPSCoR  in  the  1980s,  positioned  the  EPSCoR  states  to 
compete  favorably  for  Federal  educational  systemic  reform  awards  in  a  number  of 
agencies. 


EPSCoR  develops  human  resources.  EPSCoR  recognizes  that  talent  is 
distributed  widely  across  the  Nation.   It  is  found  in  schools,  towns,  universities,  and 
small  firms  across  America.   EPSCoR  helps  to  identify  and  develop  talented 
people — providing  the  resources  and  the  climate  for  talent  to  flourish.  While  the 
epicenter  of  EPSCoR  is  faculty  research,  the  quality  of  undergraduate  and 
graduate  education  is  a  high  priority.    EPSCoR  provides  opportunities  for  students 
to  be  involved  in  high-quality  research. 


EPSCoR  enhances  technology  transfer  and  economic  development    EPSCoR 
states  know  that  they  cannot  maintain  a  vibrant  S&T  enterprise  without  using  their 
EPSCoR  enhanced  research  base  to  develop,  attract,  and  retain  high  technology 
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companies.    Residents  of  EPSCoR  states  know  that  these  companies  will  provide 
the  jobs  that  will  keep — and  bhng — bright  students,  researchers,  and 
entrepreneurs  home.  EPSCoR  is  a  research  development  program,  but  it  is 
relevant  to  the  people  in  the  States  and  the  development  of  a  strong  technological 
base  uniquely  suited  to  each  State. 

•   EPSCoR  is  a  sound  investment  in  America's  future.  EPSCoR  has  been  the 
cornerstone  of  science  and  technology  development  in  the  18  EPSCoR  states  and 
the  Commonwealth  of  Puerto  Rico.  From  increasing  our  knowledge  of  dinosaurs 
that  roamed  the  EPSCoR  states  over  65  million  years  ago  to  developing  new 
processing  techniques  for  wooden  bridges  and  seminal  discovehes  chtical  to  the 
development  of  low  temperature  superconductivity,  EPSCoR  has  made  its  mark 
on  America  for  what  has  been  a  very  small  investment.  Over  the  first  decade  of 
EPSCoR  for  every  $1 .00  of  Federal  funds  the  states  have  invested  $2.50  of  their 
own  funds. 

EPSCoR  remains  a  sound  investment  in  America's  future  but  it  requires  greater 
effort  and  support  within  NSF  and  across  the  Federal  government. 

VI.  RECOMMENDATIONS  FOR  THE  FUTURE  EPSCoR  has  a  strong  merit-base.  It 
has  been  remarkably  productive  and  it  has  stimulated  systemic  change.  We  commend 
the  NSF  for  their  very  fine  efforts  to  date  under  this  program. 

But  EPSCoR  in  its  current  form  is  not  sufficient  to  reverse  the  current  concentration  of 
science  and  technology  capability.    We  believe  it  unwise  for  the  nation  to  focus  its 
resources  only  in  existing  centers  of  excellence.   Federal  R&D  policy  must  recognize 
that  the  American  scientific  community  is  comprised  of  young  children,  science  and 
math  teachers,  faculty,  universities  and  small  and  large  technology-based  firms  located 
across  America. 

The  EPSCoR  Foundation  urges  this  Subcommittee  to: 

(1)  Revise  the  National  Science  Foundation  Act  of  1950,  as  modified,  to 
strengthen  the  mandate  of  the  NSF  to  develop,  over  the  next  decade,  the 
scientific  and  technical  capabilities  of  all  States,  including  the  EPSCoR  states. 

(2)  Recommend  that  a  "core"  EPSCoR  program  be  a  permanent  part  of  the 
portfolio  of  the  DOD,  DOE,  NASA,  USDA,  EPA,  and  NIH.  Each  year,  Congress 
adds  funds  for  EPSCoR  and  as  a  rule  the  agencies  request  less  or  delete  the 
program  from  subsequent  budget  requests. 

(3)  Require  the  Office  of  Science  and  Technology  Policy  (OSTP)  to  play  a 
stronger  role  in  coordinating  and  sustaining  a  viable  Federal-wide  EPSCoR 
initiative.  This  effort  should  be  coordinated  by  the  National  Science  and 
Technology  Council  (NSTC)  and  given  equal  priority  with  such  initiatives  as  high 
performance  computing  and  global  climate  change. 
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(4)  Incorporate,  within  the  NSF,  the  EPSCoR  goals  into  the  performance 
benchmarks  of  the  NSF  Research  Directorates.  The  NSF  should  maintain  a 
"core"  EPSCoR  program.  However,  funding  should  be  added  to  the  NSF 
Research  Directorates  to  support  "transition"  awards  to  help  mainstream 
promising  EPSCoR  research  clusters  and  to  move  selected  clusters  and  groups 
to  the  level  of  nationally  recognized  research  centers.  Transition  awards  should 
be  for  up  to  5  years  with  the  first  3  years  shared  equally  between  EPSCoR  and 
the  NSF  Research  Directorates.  Particular  attention  should  be  given  to  state, 
industry,  and  university  partnerships. 

(5)  Establish  a  traineeship  program  to  hold  and  attract  talented  students  in  the 
EPSCoR  states,  with  shared  responsibility  between  the  EPSCoR  program  and 
the  NSF  Research  Directorates. 

(6)  Increase  the  base  NSF  EPSCoR  Systemic  Improvement  award  from  a 
maximum  of  $1 .5  million  per  year  to  up  to  $3  million  per  year.  This  is  consistent 
with  other  NSF  centers  and  the  Foundation's  Educational  Systemic  Reform 
Initiatives. 

(7)  Establish  an  EPSCoR-like  initiative  that  is  oriented  toward  "technology 
development"  in  the  EPSCoR  states  within  the  Department  of  Commerce  to 
complement  the  NSF  EPSCoR  program  which  is  targeted  primarily  on  competitive 
university-based  research. 

(8)  Create  an  EPSCoR  Future  Fund,  using  the  State  of  South  Dakota's  Future 
Fund  as  a  model,  to  finance  a  comprehensive  Federal-wide  EPSCoR  initiative. 
This  Future  Fund  could  be  financed  from  savings  generated  by  the  "Reinventing 
Government"  Initiative  and  other  efforts  to  reduce  Washington-based 
government. 

We  propose  that  this  Subcommittee  direct  the  NSF  to  explore,  in  partnership  with 
the  EPSCoR  states,  the  feasibility  and  potential  effectiveness  of  an  EPSCoR 
Future  Fund  financed  from  "small  percentages"  of  the  savings  garnered  from 
revised  and  streamlined  Federal  programs. 

It  is  this  kind  of  bold  and  visionary  leadership  that  we  believe  the  Electorate  is 
looking  for.  It  would  enable  the  Nation  to  move  toward  Senator  Harley  Kilgore's 
dream  of  deploying  science  and  technology  to  benefit  the  entire  nation,  and 
assuring  an  efficient  and  effective  return  on  taxpayer  dollars.  In  this  way,  we 
would  bring  an  end  to  the  "endless  frontier"  of  underfunded  science  and 
technology  in  one-third  of  our  nation. 
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Senator  Burns.  Dr.  Engstrom,  we  will  go  with  you,  from  South 
Dakota. 

STATEMENT  OF  DR.  ROYCE  C.  ENGSTROM,  PROJECT 
DIRECTOR,  SOUTH  DAKOTA  EPSCoR 

Dr.  Engstrom.  Thank  you,  Chairman  Bums,  Senator  Rocke- 
feller. Thank  you  for  the  opportunity  to  testify  about  EPSCoR  here 
this  morning. 

I  am  Royce  Engstrom.  I  am  a  professor  of  chemistry  at  the  Uni- 
versity of  South  Dakota.  I  am  the  project  director  for  South  Dakota 
EPSCoR  right  now. 

I  am  especially  pleased  to  discuss  EPSCoR  with  you,  because  I 
feel  it  has  been  the  most  important  thing  that  has  happened  to 
science  and  technology  in  South  Dakota  for  several  decades. 

We  entered  the  program  as  recently  as  1989,  so  we  are  one  of 
the  newer  states  that  nas  come  into  EPSCoR.  I  feel  that  EPSCoR 
has  been  especially  effective  in  South  Dakota  because  of  its  unique 
design. 

There  really  is  not  any  other  program  around  that  encompasses 
the  breadth  of  development  that  EPSCoR  does. 

I  would  like  to  illustrate  that  with  four  points  with  some  illustra- 
tions that  are  specific  to  South  Dakota. 

If  you  could  put  the  first  overhead  up  there.  [Slide.] 

Dr.  Engstrom.  The  first  point  that  I  would  like  to  make  is  that 
EPSCoR  is  a  partnership  program.  In  South  Dakota,  the  National 
Science  Foundation  has  invested  $5.3  million  over  the  last  6  years. 
The  state  has  invested  $10.7  million.  So  the  state  commitment  has 
been  in  a  two-to-one  ratio. 

In  fact,  in  South  Dakota,  we  established  something  called  the 
South  Dakota  Future  Fund  especially  to  do  this.  It  is  administered 
out  of  the  Governor's  OflRce  of  Economic  Development,  in  recogni- 
tion that  basic  research  impacts  economic  development  in  the  state. 

EPSCoR  is  also  a  partnership  program  at  the  level  of  institu- 
tions. We  have  cooperations  between  the  University  of  South  Da- 
kota, South  Dakota  State  University  and  the  South  Dakota  School 
of  Mines. 

Those  three  institutions  are  cooperating  at  unprecedented  levels 
to  make  EPSCoR  work.  Our  state-level  steering  committee  has  rep- 
resentation from  higher  education,  state  government,  the  private 
sector  and  external  consultants  to  South  Dakota. 

Finally,  EPSCoR  is  a  partnership  program  at  the  level  of  the  fac- 
ulty who  are  making  it  work.  We  have  a  physiologist  on  our  cam- 
pus, for  example,  collaborating  with  an  animal  scientist  at  South 
Dakota  State. 

The  two  have  published  their  first  paper  together,  and  that  is  a 
collaboration  that  would  not  have  happened  without  EPSCoR. 

The  second  major  point  is  that  EPSCoR  is  focused.  It  is  highly 
focused  on  specific  research  areas  and  on  the  development  of  infra- 
structure, and  that  is  what  really  makes  EPSCoR  unique. 

The  research  areas  in  South  Dakota  and  in  all  of  the  states  are 
basically  chosen  on  several  criteria.  One,  we  try  to  identify  the  ex- 
pertise that  we  have  in  the  state;  and,  two,  we  try  to  identify  areas 
that  ultimately  can  impact  economic  development,  through  the  sue- 
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cess  of  additional  independent  gp'ant  funding  and  ultimately  to 
technology  transfer  activity. 

So  in  our  state  we  emphasize  areas  of  chemistry,  the  life 
sciences,  and  a  new  focus  will  be  environmental  imaging,  making 
use  of  the  EROS  Data  Center  north  of  Sioux  Falls, 

The  infrastructure  development  activities  in  the  states  are  really 
what  make  EPSCoR  unique,  because  it  is  building  for  the  future. 
Again  in  our  state,  we  have  emphasized  development  of  new  fac- 
ulty, the  development  of  graduate  progn*anis,  acquisition  of  instru- 
mentation that  gives  us  the  tools  that  other  competitive  states 
have,  and  communication  between  scientists. 

Just  as  an  example,  one  of  our  new  faculty  that  we  hired  through 
the  EPSCoR  program,  in  her  first  year  went  out  and  got  a  $500,000 
independent  grant  from  NSF  and  NASA.  So  she  is  typical  of  the 
kind  of  investment  we  have  been  trying  to  make. 

The  third  major  point  is  that  EPSCoR  focuses  on  human  resource 
development.  South  Dakota  and  most  of  the  EPSCoR  states  are 
EPSCoR  states  because  they  simply  do  not  have  the  personnel  base 
that  other,  bigger  states  do. 

And  so  we  work  hard  at  education  and  getting  people  involved 
in  science  at  all  levels.  We  have  faculty  development  programs, 
graduate  student,  undergraduate,  high  school  teacher  program, 
high  school  student  programs,  and  programs  that  involve  4-year 
college  teachers. 

A  few  quick  examples:  John  Kellar  is  a  new  faculty  member  at 
the  School  of  Mines,  and  he  has  become  South  Dakota's  first  Presi- 
dential Faculty  Fellow,  a  prestigious  award  by  the  National  Science 
Foundation. 

Scott  Andryski  is  an  undergraduate  student  who  has  been  in- 
volved EPSCoR  research  since  he  was  a  freshman  at  the  University 
of  South  Dakota.  He  is  going  on  to  California 

Berkeley  for  his  Ph.D.  now. 

Julie  Heaton  is  a  woman  in  my  research  group,  a  mother  of  two, 
who,  prior  to  EPSCoR,  would  not  have  been  able  to  undertake  a 
Ph.D.  program  in  South  Dakota. 

But  because  of  a  special  cooperative  arrangement  between  South 
Dakota  State  and  the  university  that  has  been  put  in  place  because 
of  EPSCoR,  she  will  be  able  to  stay  in  the  state  and  get  her  Ph.D. 

Finally,  EPSCoR  has  been  an  investment  in  South  Dakota. 

Senator  Rockefeller.  I  did  not  understand  that.  It  sounded  like 
a  very  interesting  example,  but  I  did  not  catch  how  you  overcome 
the  problem  of  having  two  children. 

Dr.  Engstrom.  OK.  I  am  sorry.  She  is  located  in  Vermillion  and 
has  a  family  there  with  other  obligations.  In  Vermillion,  we  do  not 
have  a  Ph.D.  program  in  her  area  at  the  University  of  South  Da- 
kota. 

We  do  at  South  Dakota  State,  though,  100  miles  away.  We  now 
put  in  place  a  cooperative  arrangement  between  those  two  schools 
that  will  allow  her  to  work  on  her  Ph.D.  located  in  Vermilion,  but 
get  the  Ph.D.  from  South  Dakota  State  University. 

Senator  Rockefeller.  I  understand.  Thank  you. 

Dr.  Engstrom.  Thank  you. 
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Last,  EPSCoR  in  South  Dakota,  in  all  of  the  states,  of  course,  has 
been  an  investment.  And  I  would  just  like  to  show  you  how  it  has 
been  paying  off  with  two  quick  overheads.  [Slide.] 

Dr.  Engstrom.  One,  the  total  grants  and  contracts  at  the  three 
universities  in  South  Dakota  involved  in  EPSCoR  has  increased 
from  a  relatively  flat  baseline  prior  to  the  EPSCoR  years. 

The  3  years  at  the  end  there  are  the  vears  after  EPSCoR  stated. 
There  is  a  1-year  delay,  but  those  are  the  years  after  EPSCoR  has 
been  put  in  place.  So  significEint  increases  in  the  independent 
grants  and  contracts  activity. 

And  then  on  the  last  overhead  are  our  faculty  investigators. 
Their  productivity,  as  measured  by  scientific  publications  and  inde- 
pendent grant  applications,  has  been  increasing  steadily  during  the 
EPSCoR  years,  as  well. 

So  EPSCoR  nas  played  a  crucial  role  in  South  Dakota.  It  has  al- 
lowed South  Dakota  to  become  a  bigger  part  of  the  nation's  sci- 
entific and  technology  enterprise.  Andwe  appreciate  the  support  of 
the  National  Science  Foundation. 

Thank  you. 

[The  prepared  statement  of  Dr.  Engstrom  follows:] 
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South  Dakota  is  among  the  more  recent  States  to  enter  the  EPSCoR  program,  with 
funding  beginning  in  1989.  EPSCoR  has  been  one  of  the  most  important  factors  in  the 
past  several  decades  of  science  and  technology  in  South  Dakota,  and  has  contributed 
more  to  the  development  of  science  and  technology  in  the  State  than  any  other  single 
program  in  our  history.  The  foilovi^ing  points  describe  the  uniqueness  of  the  EPSCoR 
program  in  South  Dakota  and  emphasize  the  impact  it  has  had  on  the  State. 


One  of  the  most  important  features  of  the  EPSCoR  program  is  that  it  is  a 
partnership  program.  During  the  history  of  South  Dakota  EPSCoR,  the  National 
Science  Foundation  has  invested  a  total  of  $5.3  million,  which  has  been  matched  by 
$5.1  million  of  State  funds  and  $5.6  million  from  the  institutions  of  higher  education.  In 
South  Dakota's  case,  every  federal  dollar  has  been  matched  with  more  than  two  dollars 
of  non-federal  funds.  As  a  result  of  EPSCoR,  the  State  established  the  South  Dakota 
Future  Fund  for  the  purposes  of  providing  seed  money  for  economic  development. 
Recognizing  that  university  research  could  contribute  substantially  to  economic 
development,  EPSCoR"has"been  one  of  the  primary  activities  funded  through  the 
Future  Fund.  It  is  significant  that  revenues  to  the  Future  Fund  are  derived  from 
businesses  within  the  State. 

EPSCoR  is  a  partnership  program  at  the  level  of  the  participating  universities  as  well. 
In  South  Dakota,  the  three  research  institutions,  the  University  of  South  Dakota  in 
Vermillion,  South  Dakota  State  University  in  Brookings,  and  the  South  Dakota  School 
of  Mines  and  Technology  in  Rapid  City,  have  worked  together  to  design  the  EPSCoR 
program  and  to  implement  its  many  facets.  Never  before  has  there  been  a  project  of 
this  magnitude  that  has  brought  the  three  schools  together  toward  a  common  goal.  A 
State-wide  steering  committee,  consisting  of  university  administrators,  State 
government  officials,  private  sector  representatives  and  consultants  from  outside  of 
South  Dakota,  has  worked  to  create  and  guide  the  program  from  its  inception.  The 
steering  committee  in  South  Dakota  is  called  the  REACH  (Research  Excellence:  A 
Critical  Hallmark)  Committee. 

Partnerships  continue  at  the  level  of  the  faculty  scientists.  For  example,  a  physiologist 
from  the  University  of  South  Dakota  is  collaborating  with  an  animal  science  faculty 
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member  from  South  Dakota  State  University  because  of  the  EPSCoR  program,  and 
they  just  recently  published  their  first  scientific  paper  together.  Likewise,  metallurgists 
from  the  South  Dakota  School  of  Mines  and  Technology  are  working  with  chemists  at 
the  University  of  South  Dakota  to  study  corrosion  processes  using  instrumentation  that 
neither  school  has  by  itself.  In  fact,  all  of  the  scientific  research  carried  out  within  the 
EPSCoR  program  is  interinstitutional,  involving  scientists  from  all  three  campuses. 


EPSCoR  is  a  highly  focused  program.  Two  areas  of  development  operate  in  the 
South  Dakota  EPSCoR  program.  One  of  these  involves  specific  research  efforts  which 
will  increase  the  State's  research  competitiveness  in  the  near-term,  and  one  involves 
the  development  of  the  science  and  technology  infrastructure  within  the  State  to  insure 
long-term  competitiveness. 

The  scientific  research  areas  being  developed  under  EPSCoR  were  selected  because 
(1 )  they  made  use  of  the  State's  best  scientific  talent;  (2)  the  areas  are  important  to  the 
national  science  community,  and  (3)  they  represent  fundamental  research  that  forms  a 
basis  for  industries  important  in  South  Dakota.   Up  to  this  time,  EPSCoR  has  focused 
on  only  two  areas,  one  referred  to  as  "Surface  and  Interfacial  Science,"  and  the  other 
as  "The  Role  of  Membranes  in  Cell  Regulation."  The  first  has  involved  approximately 
1 5  faculty  scientists  and  includes  projects  important  to  environmental  concerns,  mineral 
extraction,  corrosion  and  sensor  development.  The  second  involves  approximately  25 
faculty  and  includes  projects  crucial  to  the  agricultural  and  medical  communities.  In  the 
upcoming  years,  a  third  scientific  thrust  will  be  added,  "Imaging  and  Modeling  of 
Coupled  Environmental  Processes."  This  group  will  make  extensive  use  of  the  EROS 
Data  Center  just  north  of  Sioux  Falls,  a  federally-funded  facility  that  processes  satellite 
images  pfthe  earth  to  learn  about  vegetationxoverage,  weather  patterns,  and  water 
resources. 

The  S&T  infrastructure  development,  part  of  EPSCoR,  puts  in  place  those 
characteristics  which  make  a  university  able  to  compete  effectively  for  independent 
research  funding.  In  South  Dakota's  case,  infrastructure  development  has  resulted  in 
the  following  achievements; 

•  Faculty  members  in  the  sciences  areas  have  been  increased  by  nine 
positions,  and  EPSCoR  has  resulted  in  the  hiring  of  excellent  young 
scientists  who  are  quickly  establishing  themselves  within  the  national 
scientific  community. 

•  Top  notch  graduate  students  are  coming  to  South  Dakota  to  pursue 
advanced  degrees  because  of  increased  recruiting  efforts  funded  by 
EPSCoR. 
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State-of-the-art  scientific  instrumentation  has  been  purchased,  providing 
South  Dakota  scientists  with  the  same  type  of  equipment  that  scientists  in 
more  competitive  States  have  access  to. 

Communication  among  scientists,  betvi^een  scientists  and  the  general  public, 
and  between  scientists  and  State  officials  has  been  enhanced.   South  Dakota 
scientists  now  routinely  communicate  with  colleagues  across  the  country  and 
with  one  another  over  the  Rural  Development  Television  Network.  A  South 
Dakota  Public  Television  series  is  being  prepared  for  the  general  public 
about  research  in  South  Dakota  and  its  importance  to  South  Dakota's  future. 


EPSCoR  focuses  on  human  resource  development  and  education.  The  EPSCoR 
program  has  provided  opportunities  for  many  South  Dakotans  at  all  levels.  Certainly,  it 
has  helped  our  faculty  gain  national  status.  A  prime  example  of  that  is  Jon  Keilar,  a 
young  engineering  faculty  member  at  South  Dakota's  School  of  Mines  and  Technology, 
who  was  recently  recognized  as  South  Dakota's  first  Presidential  Faculty  Fellow  based 
largely  on  the  work  he  was  able  to  initiate  through  EPSCoR  support. 

EPSCoR  provides  opportunities  for  more  than  just  faculty,  however.  Graduate 
students,  undergraduates,  high  school  students,  high  school  teachers,  and  four-year 
college  faculty  have  all  participated  in  the  project.  While  many  people  may  view 
research  as  being  divergent  education,  nothing  could  be  farther  from  the  truth.   In  the 
EPSCoR  States,  research  provides  an  environment  in  which  faculty  and  students  come 
together  in  a  one-on-one  setting,  formulating  questions,  designing  experiments  and 
analyzing  results.  Problem-solving  skills  are  developed,  communication  skills  are 
honed  through  presentation  and  publication,  and  interpersonal  relationships  are 
—Xleveloped  whichwill  benefit  students  in  their  professional  careers. 

An  especially  powerful  collaboration  exists  between  South  Dakota  EPSCoR  and 
another  National  Science  Foundation  program,  the  Statewide  Systemic  initiatives  in 
Science  and  Mathematics  Education  (SSI).  High  school  teachers  have  spent  ten 
weeks  during  the  summer  months  in  the  laboratohes  of  EPSCoR  investigators.  They 
take  the  new  knowledge  they  have  gained  back  to  their  classrooms,  along  with  an 
allocation  that  provides  equipment  and  supplies  they  need  to  initiate  new  curriculum  in 
their  schools.   In  particular,  teachers  from  the  Native  American  community  have 
participated.  Bradley  Beck,  a  teacher  from  Leola,  SD,  wrote,  "I  am  proud  to  say  that 
some  of  the  work  I  did  over  the  past  two  summers  is  being  used  in  a  paper  that  Dr. 
Washburn  is  submitting.  The  experience  has  increased  my  knowledge  of  microbial 
genetics,  which  I  hope  to  pass  on  to  my  students." 

Undergraduates  from  the  three  universities  as  well  as  other  colleges  in  the  State  have 
also  participated  in  EPSCoR  projects  during  the  summer  months.  Many  of  these 
students  have  gone  on  to  give  presentations  at  the  National  Conference  on 
Undergraduate  Research,  for  example,  and  have  become  co-authors  of  scientific 
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publications,  an  attribute  that  places  them  in  high  demand  for  employment  or  further 
graduate  study. 

For  example,  Scott  Andryksi  and  Jennifer  Shumaker  are  students  who  have  been 
involved  in  EPSCoR  sponsored  research  since  their  first  year  in  college,  and  are  now 
entering  graduate  school  at  U.  of  California  -  Berkeley,  and  North  Carolina  -  Chapel 
Hill,  respectively. 

As  a  result  of  EPSCoR  in  South  Dakota,  students  have  more  opportunities  for  graduate 
study  in  sciences  with  recently  instituted  graduate  programs  in  chemistry,  biology  and 
atmospheric  sciences.  For  example,  Julia  Heaton,  a  bright  student  with  a  family,  is 
planning  on  starting  her  Ph.D.  program  in  a  cooperative  agreement  between  South 
Dakota  State  University  and  the  University  of  South  Dakota  next  fall.  A  few  years  ago, 
she  would  not  have  been  able  to  meet  that  goal  without  leaving  the  State. 


EPSCoR  is  an  investment.  The  EPSCoR  program  currently  amounts  to  approximately 
5%  of  the  total  grants  and  contracts  activity  of  the  three  research  institutions  in  South 
Dakota.  EPSCoR  serves  to  catalyze  further  activity.  The  grants  and  contracts  activity 
has  doubled  during  the  EPSCoR  years  in  South  Dakota,  scientific  productivity  in  the 
form  of  publications  and  independent  grant  proposal  submissions  has  increased  by  a 
factor  of  five  within  the  group  of  EPSCoR  participants,  and  a  number  of  major 
independent  grants  have  come  to  EPSCoR  participants.  Fedora  Sutton,  for  example, 
recently  was  awarded  a  $500,000  joint  NSF-NASA  grant;  Ron  Lindahl  recently  received 
a  $600,000  grant  from  the  National  Institutes  of  Health;  and  Ken  Han  has  had  a  patent 
approved  which  has  formed  the  basis  for  a  new  company  in  Rapid  City  that  performs 
platinum  recovery  from  spent  automobile  catalytic  converters.  All  of  these 
achievements  were  a  direct  result  of  EPSCoR. 

The  highly  focused  and  sustained  nature  of  EPSCoR  support  is  critical  to  the  continued 
development  of  science  and  technology  in  South  Dakota.  As  a  State  with  relatively 
little  technology-based  industry,  it  is  the  responsibility  of  the  universities  to  strengthen 
their  research  competitiveness  and  build  a  more  attractive  environment  through  which 
the  State's  economy  can  continue  to  diversify.  EPSCoR  is  the  cornerstone  of 
technological  development  in  South  Dakota,  and  we  strongly  support  the  enhanced 
program  outlined  earlier  by  Dr.  Danek. 
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Senator  Burns.  Dr.  Swenson. 

STATEMENT  OF  DR.  ROBERT  J.  SWENSON,  VICE  PRESIDENT 
FOR  RESEARCH  AND  CREATIVE  ACTIVITIES,  MONTANA 
STATE  UNIVERSITY  AT  BOZEMAN 

Dr.  Swenson.  Chairman  Bums,  Senator  Rockefeller,  I  appreciate 
the  opportunity  to  discuss  the  Montana  EPSCoR  program  with  you. 

I  am  Bob  Swenson,  Vice  President  for  Research.  I  am  Chairman 
of  the  State  EPSCoR  Committee  and  Vice  Chairman  of  the  Na- 
tional EPSCoR  Coalition. 

I  come  as  one  of  Aesop's  ants.  EPSCoR  is  all  about  seed  com.  It 
is  about  Unkages  in  partnerships  and  relationships.  This  program 
is  the  basis  for  the  development  of  competitive  research. 

The  competitive  research  faculty  improve  the  quality  of  the  un- 
dergraduate education,  and  they  also  provide  the  basis  upon  which 
technology  transfer  can  take  place  within  the  state. 

A  couple  of  examples  of  this:  Before  the  EPSCoR  program  began, 
the  Montana  State  University  grant  and  contract  activity  was 
under  $10  million.  This  year  it  is  going  to  be  over  $35  million.  That 
is  a  substantial  increase,  which  we  can  attribute  largely  to  the 
EPSCoR  program. 

In  terms  of  the  quality  of  undergraduate  education  and  the  role 
research  plays,  I  can  cite  a  couple  of  facts.  The  very  competitive 
Goldwater  Scholarships,  which  are  awarded  to  students  across  the 
nation,  the  number  of  those  have  been  increasing  at  EPSCoR  insti- 
tutions. 

And  presently,  two  EPSCoR  institutions,  Montana  State  Univer- 
sity and  Kansas  State  University,  lead  the  Nation  in  the  number 
of  awards  of  Goldwater  Scholarships.  Harvard  is  second  and 
Caltech  is  third. 

And  I  think  this  is  indicative  of  what  our  students  have  been 
able  to  achieve  as  a  result  of  the  EPSCoR  activities. 

So  EPSCoR  is  facilitating  the  growth  of  competitive  science  and 
improvement  of  the  quality  of  education  in  these  states. 

Second  slide,  please.  [Slide.] 

Dr.  Swenson.  Next  I  would  like  to  quote  ex-Govemor  Richard 
Celeste  from  Ohio.  "Small  and  medium-sized  firms,  the  ones  that 
cannot  afford  their  own  R&D  are  the  biggest  customers  for  the  ap- 
plication of  new  knowledge  to  products  and  production  processes." 

In  Montana,  we  only  have  small  firms.Ninety-eight  percent  of 
Montana  businesses  have  fewer  than  50  employees,  80  percent 
fewer  than  10,  60  percent  fewer  than  5.  Nationally,  industries 
spend  in-house  $5  on  R&D  to  every  $1  spent  in-house  at  the  imi- 
versities. 

In  Montana,  it  is  just  the  reverse.  Universities  spend  nearly 
$6.50  on  research  and  development  compared  to  in-house  research 
of  the  private  sector  of  $1. 

So  my  second  conclusion  is  that  businesses  in  states  like  Mon- 
tana do  not  have  the  capital  nor  the  human  resources  to  do  re- 
search or  to  have  individuals  who  have  the  knowledge  to  effect  ap- 
propriate technology  transfer. 

The  next  shde,  please.  [Slide.] 
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Dr.  SWENSON.  NSF  EPSCoR  has  facilitated  the  development  of 
linkages  and  partnerships  within  the  state  among  the  universities 
and  colleges,  the  private  sector  and  state  and  Federal  Government. 

NSF  EPSCoR  has  caused  the  establishment  in  Montana  of  the 
Montana  Science  and  Technology  Alliance.  It  is  responsible  for  the 
development  of  the  State  Science  and  Technology  Plan  and  the 
State  Science  and  Technology  Agenda. 

This  agenda  was  put  together  by  eight  economic  sector  groups. 
They  put  together  a  focus  document  indicating  out  science  and 
technology  can  be  impacted  or  can  impact  on  these  private  sector 
companies. 

Let  me  quote  from  the  Science  and  Technology  Plan.  "There  is 
little  history  of  cooperation  and  coordination  among  Montana  in- 
dustries and  university  programs.  There  is  no  consistent  process 
for  transfer  of  intellectual  property.  That  link  between  basic  re- 
search at  the  universities  and  Montana's  economic  development 
must  be  strengthened." 

This  was  written  in  1990,  and  I  am  very  pleased  to  be  able  to 
report  that  the  universities  have  responded  to  this  action  agenda, 
and  they  have  created  programs,  which  work  with  industry  on  re- 
search opportunities,  which  provide  technical  and  business  assist- 
ance, which  transfer  technologies  and  new  product  lines  and  which 
assist  in  accessing  personnel  and  facilities  at  the  university. 

So  the  third  conclusion  to  draw  is  that — and  I  think  this  is  a 
very  important  one  when  one  thinks  about  Federal  policy  and 
agency  policy — universities  in  non-industrial  states  have  a  unique 
role  to  play,  that  of  research,  modern  facilities  and  technology 
transfer  arms  of  the  private  sector. 

As  you  discussed  earlier  about  this  mix  from  basic  research 
through  applied  research  through  technology  development  and  fi- 
nally into  commercialization,  most  of  the  businesses  in  our  states 
cannot  provide  that  mix,  and  the  universities  are  the  place  where 
that  mix  takes  place. 

That  has  lots  to  say  for  different  kinds  of  Federal  policies.  NSF 
EPSCoR  has  supported  and  enabled  these  activities  in  the  State  of 
Montana. 

The  last  slide,  please.  [Slide.] 

Dr.  SwENSON.  So  let  me  conclude  by  iust  stating  that  EPSCoR 
is  working  in  Montana.  A  relatively  small  amount  of  Federal  fund- 
ing is  having  a  disproportionate  positive  impact  on  research,  edu- 
cation and  technology  deployment. 

It  is  a  sound  investment  in  the  future  of  Montana  and  therefore 
the  nation.  However,  it  is  only  a  start,  and  the  states  still  have  a 
long  ways  to  go.  But  the  changes  are  definitely  in  the  right  direc- 
tion. 

Thank  you. 

Senator  Burns.  Thank  you.  Dr.  Swenson. 

[The  prepared  statement  of  Dr.  Swenson  follows:] 
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I  am  Dr.  Robert  Swenson,  Vice  President  for  Research  and  Creative  Activities  at  Montana 
State  University.  I  am  also  the  Chair  of  the  Montana  EPSCoR  Committee  and  Vice  Chair  of  the 
EPSCoR  Coalition.  I  am  a  physicist. 

EPSCoR  has  been  and  continues  to  be  extremely  important  to  Montana.  The  primary 
purpose  of  EPSCoR  is  to  serve  as  a  change  agent  and  catalyst  to  develop  a  base  of  research 
competitive  scientists  and  programs.  The  development  of  this  strong  research  base  will  in  turn 
improve  the  quality  of  education  we  provide  to  our  citizens  at  all  levels,  and  lead  to  spin-ofiF 
developments  in  other  areas  of  technology  and  economic  development. 

EPSCoR  IS  CONTRIBUTING  TO  COMPETmVE  SCIENCE, 
JOB  CREATION  AND  QUALITY  EDUCATION 

EPSCoR  is  facilitating  the  growth  of  competitive  science  and  the  improvement  of  the 
quality  of  education.  The  quality  of  an  undergraduate  education  is  critically  dependent  on  the 
quality  of  the  faculty  and  equipment  and  the  opportunity  to  become  engaged  in  creative  activities 
in  partnership  with  feculty  members  and  graduate  students. 

♦  At  Montana  State  University  (MSU),  grant  and  contract  expenditures  have  gone 
from  $9.7  million  in  1980  to  over  $35  million  this  year.  Of  this,  over  $5  million  is 
direct  support  (stipends  and  tuition)  for  students;  over  $22  million  is  for  salaries  — 
making  research  at  MSU  one  of  the  top  ten  employers  in  the  state. 

So,  in  rural  states  like  Montana,  research  itself  can  be  viewed  as  an  important 
"industry"  and  "employer"  in  addition  to  the  benefits  which  it  brings  to  scientific 
development  and  education. 

♦  EPSCoR  has  also  contributed  to  the  enhancement  of  K-12  education  in  Montana. 
Most  of  those  who  teach  our  K-12  students  are  educated  in  the  state  universities. 
Many  of  the  teachers  who  receive  in-service  training  do  so  as  a  result  of  linkages 
and  collaborations  which  grew  out  of  EPSCoR  and  other  NSF  systemic  reform 
efforts.  Additionally,  we  have  worked  with  our  tribal  colleges  to  develop  both 
curriculum  materials  and  the  telecommunications  infi-astructure  to  deliver  them. 
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In  states  like  Montana  with  little  industrial  research  base  and  few  large  private- 
seaor  research  capabiUties,  universities  have  a  special  role  to  play.  In  these  states, 
if  there  is  to  be  "credible"  science  upon  which  to  base  decisions  about  natural 
resource  use  and  preservation,  agricultural  production  and  marketing, 
transportation,  and  a  host  of.other  issues  of  local  importance,  then  that  science  is 
likely  to  come  from  the  university  community.  If  a  state  government  needs 
information  on  demography,  rural  health  services,  water  quality  and  many  other 
issues,  it  looks,  to  a  large  extent,  to  the  university  community.  If  a  small  business 
or  a  small  manufacturer  needs  help  with  technology  applications,  research  and 
management,  it  looks  to  the  university  community  as  a  resource.  NSF  EPSCoR 
has  supported  and  enabled  Montana  universities  to  be  more  effective  in  these 
activities  across  the  State  and  nationally. 

EPSCoR  has  helped  —  and  I  believe  will  increasingly  continue  to  help  —  form  the 
foundation  for  business  and  industrial  R&D  in  Montana.  Some  98%  of  Montana 
businesses  have  fewer  than  50  employees;  80%  have  fewer  than  10.  Nationally, 
industries  spend  $5.14  on  R&D  for  every  $1.00  spent  at  universities  on  R&D.  In 
Montana,  it  is  just  the  reverse:  universities  spend  $6.40  on  R&D  to  $1.00  by  the 
private  sector.  Without  university-based  research  support,  states  like  Montana 
would  be  left  out  of  the  scientific  and  technology  enterprise  of  this  nation. 

EPSCoR  IS  Changing  for  the  better  the 
Statewide  atmosphere  for  science  and  Technology  in  Montana 


Businesses  and  industry  in  Montana  obviously  do  not  have  the  human  or  capital 
resources  to  do  research  or  to  have  individuals  who  are  knowledgeable  on  recent 
research  findings  and  can  effect  appropriate  technology  transfer  and  application. 
NSF  EPSCoR  caused  the  creation  of  the  Montana  Science  and  Technology 
Alliance  and  the  development  of  the  State's  "Science  and  Technology  Plan"  and  the 
"S&T  Action  Agenda."  NSF  EPSCoR  has  also  facilitated  the  development  of 
linkages  and  partnerships  among  universities  and  colleges,  the  private  sector,  the 
state  and  federal  government.  Universities  have  responded  to  the  Action  Agenda 
and  created  programs  which  work  with  industry  on  research  opportunities,  which 
provide  technical  and  business  assistance,  which  transfer  technologies  and  new 
product  lines,  and  which  assist  in  accessing  personnel  and  facilities. 

However,  having  said  this,  I  must  emphasize  that  EPSCoR  cannot  —  and  should 
not  ~  be  viewed  as  a  technology  program  or  an  economic  development  program. 
Its  focus  should  continue  to  be  more  limited  to  develop  university-based  research. 
It  is,  however,  an  essential  part  of  the  foundation  for  technology  development, 
application  and  transfer.  And,  it  will  continue  to  be. 
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EPSCoR  WORKS  IN  Montana 

♦  We  in  Montana  are  fortunate  to  have  a  number  of  "great"  EPSCoR  stories.  One  is 
about  Jack  Homer,  who  received  a  $15,000  Montana  EPSCoR  grant  in  1981.  Jack 
Homer's  discovery  of  dinosaurs  in  Montana  has  resulted  in  major  new  knowledge 
of  these  great  animals  and  helped  inspire  the  book  and  subsequent  movie  Jurassic 
Park.  His  work  stimulated  creative  activity  in  literature  and  the  performing  arts.  It 
contributed  to  economic  activity  which  has  grown  out  of  interest  in  dinosaurs  — 
books,  toys,  etc.  It  helped  awaken  and  challenge  the  curiosity  of  children 
throughout  America.  It  opened  the  way  for  new  graduate  work  and,  in  his  case, 
offered  an  opportunity  to  a  number  of  non-traditional  graduate  students.  And,  it 
contributed  to  a  greater  understanding  of  early  life  on  our  planet. 

♦  Even  more  important.  Jack  Homer  is  part  of  a  larger  research  community  at  MSU. 
His  work  and  other  EPSCoR  research  not  only  contribute  to  our  core  efforts  but 
also  inspire  and  promote  broader  activity.  Good  things  often  do  cluster,  and  I  think 
we  have  seen  some  of  that  even  though  our  research  activities  themselves  at  MSU 
are  diverse,  as  well  they  should  and  need  to  be. 

♦  EPSCoR  also  helped  us  develop  the  base  for  an  NSF-supported  Engineering 
Research  Center. 

We  support  an  expanded  EPSCoR  for  the  future 

I  believe  EPSCoR  is  working  in  Montana.  A  relatively  small  amount  of  federal  funding  is 
having  a  disproportionate  impact  on  research,  education,  the  science  base  and  technology 
development  and  deployment  in  the  State.  It  is  creating  critical  linkages  and  partnerships  among 
universities,  the  private  sector  and  State  and  Federal  govenmients.  It  is  a  sound  investment  in  the 
future  of  Montana  and  therefore  the  nation.  However,  it  is  only  a  start  and  the  state  still  has  a  long 
way  to  go.  The  changes  are  in  the  right  direction,  and  EPSCoR  has  helped  insure  that. 

Montana  strongly  supports  the  outlines  of  an  expanded  EPSCoR  detailed  earlier  by  Dr. 
Danek. 
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Senator  Burns.  Dr.  Saunby,  we  can  hear  from  you  now. 

STATEMENT  OF  DR.  JOHN  B.  SAUNBY,  MEMBER,  EPSCoR  ADVI- 
SORY  BOARD  AND  PAST  CHAIRMAN,  WEST  VmCINIA  EPSCoR 

Dr.  Saunby.  Grood  morning.  Chairman  Bums,  Senator  Rocke- 
feller. It  is  an  honor  to  appear  before  you  this  morning,  particularly 
to  talk  about  something  that  is  near  and  dear  to  my  heart. 

I  was  involved  with  EPSCoR  and  have  been  since  the  early  days, 
since  1980,  both  as  a  committee  member  and  chair  of  the  West  Vir- 
ginia EPSCoR  Advisory  Board. 

Senator  Burns.  Could  you  pull  your  microphone  a  little  bit  closer 
to  you,  please?  There  you  go. 

Dr.  Saunby.  And  during  that  time,  I  was  also  the  Director  of  Re- 
search and  Development  for  Union  Carbide  in  West  Virginia.  I  was 
never  sure  which  job  was  more  onerous,  but  one  of  them  paid  me 
and  the  other  did  not. 

West  Virginia  was  one  of  the  original  EPSCoR  states,  and  during 
that  initial  period,  we  funded  individual  investigators.  Of  the  indi- 
vidual investigators  that  we  supported,  75  percent  of  them  became 
nationally  competitive. 

And  that  was  the  name  of  the  game  in  the  initial  EPSCoR  pro- 
gram. 

However,  there  was  a  problem.  While  we  were  able  to  increase 
the  capability  of  the  researchers  to  be  nationally  competitive,  they 
became  more  attractive  to  the  other  states,  too.  So  we  did  lose  peo- 
ple who  we  supported  during  that  first  phase. 

We  were  fortunate  to  enter  the  second  phase  of  EPSCoR  in  1990, 
and  the  difference  we  made  then  was  that  rather  than  fund  indi- 
vidual investigators,  we  funded  research  clusters. 

This  to  us  was  a  much  better  approach  as  the  life  of  a  cluster 
obviously  exceeds  the  life  of  any  of  the  incumbents,  and  it  is  not 
as  vulnerable  if  one  of  the  investigators  is  attracted  away. 

We  funded  three  centers.  The  first  one  is  Non-linear  Dynamics. 
I  was  going  to  talk  about  chaos  theory,  but  I  thought  being  in 
Washington,  that  may  not  be  appropriate.  [Laughter.] 

Dr.  Saunby.  This  is  the  study  of  non-steady-state  phenomenon 
and  has  particular  value  to  the  cnemical  industry. 

And  in  West  Virginia,  it  was  also  of  interest  in  the  study  of 
gypsy  moth  migration. 

So  it  is  a  very  broad  technology.  But  the  interesting  thing  about 
the  Non-linear  Dynamic  center  is  that  it  is  headed  up  very  well  by 
one  of  the  graduates  of  the  first  EPSCoR  program,  Professor  Ken 
Showalter.  And  he  has  been  a  real  star  in  our  firmament. 

The  reputation  of  Dr.  Showalter  and  the  center  is  international. 
In  fact,  their  work  appeared  on  the  cover  of  "Nature"  last  year. 
They  also  had  articles  in  the  "Science,"  so  they  are  very  well 
known,  very  well  respected  and  a  very  productive  center. 

The  Center  on  Computational  Materials  looks  at  mathematical 
modeling  to  predict  the  performance  of  high  temperature  alloys. 
The  EPSCoR  role  was  both  in  stimulating  and  helping  to  equip 
that  center  using  some  massive  parallel  computing  capability. 

This  center  has  a  very  good  industrial  advisory  board  and  in  fact 
has  interacted  with  INCO  Alloys  in  the  development  of  high  tem- 
perature alloys  for  turbine  blade  applications. 
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The  third  Center  in  Cell  Regulatory  Biology  is^  at  Marshall  Uni- 
versity, and  this  center  came  into  being  as  a  result  of  EPSCoR.  The 
initial  proposals  we  liked.  They  had  to  fund,  staff,  equip,  and  a 
very  effective  center  in  the  molecular  biology  area  has  come  into 
being. 

The  thrust  of  their  studies  is  hypertension  and  identification  of 
the  causative  factors  that  lead  to  hypertension. 

They  have  come  up  with  some  neat  chemistry  that  has  identified 
the  peptides  responsible  and  are  working  with  a  pharmaceutical 
company  to  look  at  opportunities  for  commercialization  of  what  has 
come  out  of  this  program. 

The  EPSCoR  program  has  been  an  integrating  force  for  science 
and  technology  in  West  Virginia.  And  we  have  been  able  to  bring 
in  people  from  the  two-  and  4-year  colleges  to  participate  in  some 
of  the  EPSCoR  progprams. 

We  only  have  two  research  universities,  and  if  we  have  a  quick 
look  at  the  map  of  the  states  here,  you  will  see  that  we  are  able 
to  spring  our  wings  geographically. 

The  green  diamonds  are  some  of  the  two-  and  4-year  colleges 
that  we  were  able  to  support  in  a  program  in  which  we  gave  instru- 
mentation grants  for  small  research  programs. 

These  grants  of  $5,000,  $10,000  allow  them  to  buy  specialized 
equipment  for  a  specified  research  project. 

And  the  excitement  caused  by  this  program  for  a  minimum  cost 
has  been  great,  and  the  knowledge  of  EPSCoR,  the  knowledge  of 
research,  has  paid  off  very  well  by  this  geographic  distribution  of 
funds. 

The  advisory  boards  that  we  have  used,  both  for  the  main  pro- 
gram and  also  for  the  individual  cluster  programs,  have  been 
broadly  based. 

We  have  members  from  not  only  industry  but  also  from  state 
government  and  the  universities.  So  we  try  to  bring  in  the  practi- 
cality of  the  work  by  having  broad-based  advisory  boards. 

Now,  the  benefits  of  EPSCoR  in  West  Virginia. 

Undoubtedly  the  quantity  and  quality  of  research  in  the  state 
has  improved  as  a  result  of  EPSCoR.  We  have  moved  from  a  low 
base,  but  it  really  has  seen  a  significant  shift. 

We  have  the  improved  ability  to  attract  and  retain  outstanding 
scientists.  We  had  a  critical  need  for  a  material  scientist  in  the 
computational  materials  area,  and  we  were  able  to  attract  Dr. 
Chang,  an  outstanding  man  in  his  field.  There  is  no  question  we 
could  not  have  attracted  him  had  we  not  had  the  Computational 
Materials  Center. 

We  have  also  been  able  to  undertake  this  difficult  step  and  try 
to  get  this  balance  between  basic,  applied  and  industry  research  by 
the  criteria  that  we  set  for  the  programs  that  are  submitted  for 
EPSCoR  support. 

The  first  requirement  is  still  the  same  one  that  you  heard  from 
Dr.  Lane,  and  that  is  the  projects  must  pass  merit  review.  If  they 
are  not  good  science,  we  are  not  interested. 

But  as  we  supporting  them  also  out  of  state  funding,  we  want 
them  to  have  state  relevance. 
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Sometimes  it  is  a  bit  tenuous,  but  usually,  a  lot  of  them  come 
in  with  a  very  clear  opportunity  for  state  relevance  directed  at  eco- 
nomic development,  because  tnat  is  really  the  name  of  the  game. 

We  have  seen  increased  interaction  between  the  universities. 
Marshall  and  West  Virginia  University  talk  to  each  other.  We  have 
seen  increased  interaction  with  industry,  with  the  4-year  colleges 
through  their  advisorv  boards. 

Andi  like  you  heard  from  Montana,  the  research  funding  coming 
in  that  has  been  generated  as  a  result  of  EPSCoR  has  increased 
significantly. 

The  Cell  Regulatory  Biology  program  is  just  about  ready  to  be 
weaned  from  EPSCoR.  They  are  ready  to  migrate,  and  they  already 
have  $2  million  of  non-EPSCoR  funding  available.  That  was  a  very 
imoortant  part  of  our  view  of  EPSCoR. 

One  of  the  questions  we  ask  these  clusters  is:  How  do  you  plan 
for  life  after  EPSCoR,  because  EPSCoR  is  an  initiation  grant?  It  is 
a  bridging  grant. 

And  so  we  do  not  expect  this  to  be  a  life-long  source  of  funding 
for  any  of  these  centers.  If  they  are  good  enough,  they  ought  to  be 
able  to  get  their  own  funding. 

But  therein  lies  part  of  the  difficulty.  We  need  the  stability  from 
the  EPSCoR  program,  because  when  we  are  talking  dollars,  we  are 
talking  people.  And  we  must  ensure  that  we  have  the  long-term  or 
intermediate  term  stability  so  we  can  make  that  transition  from 
EPSCoR  to  non-EPSCoR  funding. 

The  program  we  feel  is  very  successful.  We  appreciate  the  sup- 
port from  the  National  Science  Foundation  and  hope  that  we  can 
see  continued  support  in  1996. 

Thank  you. 

Senator  Burns.  Thank  you.  Dr.  Saimby. 

[The  prepared  statement  of  Dr.  Saunby  follows:] 
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Good  Morning,  Chairman  Bums  and  distinguished  members  of  the  Subcommittee.  It  is  an  honor 
to  appear  before  you  this  morning.  I  am  John  Saunby,  a  member  of  the  EPSCoR  Advisory  Board 
and  past  Chairman  of  the  West  Virginia  EPSCoR  Program. 

West  Virginia  (WV)  was  one  of  the  states  selected  in  the  initial  EPSCoR  program  in  1979    A 
requirement  of  EPSCoR  was  that  the  state  assess  its  research  capabilities  and  needs  and  design  a 
plan  to  strengthen  its  capabilities.  This  was  the  first  systematic  study  of  this  type  conducted  in 
West  Virginia,  and  was  beneficial  in  identifying  potential  areas  of  research  strength.  In  this  first 
EPSCoR  program,  the  stated  objective  was  to  bring  individual  researchers  to  a  nationally 
competitive  level.  I  am  pleased  to  say  that  of  the  39  investigators  originally  funded,  26  became 
nationally  competitive,  and  over  50  percent  remained  in  West  Virginia. 

When  EPSCoR  was  reauthorized  in  1 986,  greater  emphasis  was  placed  on  developing  research 
clusters  rather  than  individual  investigators.  We  felt  this  was  a  much  better  approach  as  a  cluster 
has  more  stability  and  is  not  vulnerable  to  the  loss  of  a  single  individual.  In  Phase  I,  the  risk  was 
that  having  achieved  a  nationally  competitive  level,  a  researcher  would  be  seduced  by  a  more 
aflQuent  state. 

In  reviewing  proposals  for  clusters  in  WV,  a  basic  requirement  was  that  the  technical  quality  be 
such  that  they  would  meet  merit-review  standards.  As  matching  funds  were  being  provided  by  the 
state,  the  next  most  important  requirements  was  that  they  have  state  relevance,  preferably  related 
to  long-term  job  creation. 

Three  areas  were  selected  for  development  as  follows: 

Non-Linear  Dynamics,  with  the  objective  of  establishing  an  interdisciplinary  research 
center  of  excellence.  This  Center  has  established  an  international  reputation  with  a 
substantial  record  of  presentations  and  publications  with  topics  related  to  the  chemical 
industry,  and  the  dynamics  of  gypsy  moth  population  growth. 
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Computational  Materials,  with  the  objeaive  to  design  and  improve  the  eflBciency  of  the 
development  of  materials  for  specific  industrial  applications.  Advanced  computer 
techniques  have  enabled  molecular  dynamics  to  be  appUed  to  the  design  of  alloys  of 
industrial  importance.  Specifically,  high-temperature  structural  alloys  have  been  modeled 
to  aid  in  the  design  of  alloys  with  improved  fi-acture  and  oxidation  resistance. 

Cell  Regulatory  Biology,  to  establish  a  nationally  competitive  group  to  study  the 
mechanisms  governing  contractions  and  cell  growth  in  smooth  muscle.  Staffing  and 
equipping  this  new  group  at  Marshall  University  was  made  possible  through  EPSCoR 
fiinds.  Studies  of  hypertension  have  identified  the  role  played  by  a  peptide  component, 
especially  those  having  a  sequence  of  five  to  eight  units.  Determination  of  the  structure  of 
a  second  hypertensive  factor  and  a  projected  synthesis  methodology  led  to  discussions 
with  a  pharmaceutical  manufacturer  for  its  use  commercially  in  diagnostic  or  therapeutic 
inventions.  This  Center,  having  been  created  and  weaned  with  EPSCoR  fiinds,  is  now 
ready  to  graduate  with  non-EPSCoR  fiinding  of  over  $2  million  in  research  grants  being 
awarded  to  its  members. 

EPSCoR  has  been  an  integrating  force  for  science  and  technology  in  WV.  Students  at  the  WV 
Institute  of  Technology  are  involved  in  the  Computational  Materials  program  and  the  Center  has 
an  active  advisory  board  with  broad  industrial  representation.  The  Non-Linear  Dynamic  group 
has  members  fi^om  the  Chemistry,  Physics,  Mathematics,  and  Chemical  Engineering  Departments 
at  West  Virginia  University  (WVU)  and  its  summer  intern  program  had  ten  participants  including 
some  students  and  faculty  fi^om  smaller  community  colleges.  The  Cell  Regulatory  Biology 
Program  has  brought  the  Medical  Schools  at  Marshall  University  and  WVU  closer  together  and 
its  advisory  board  has  representation  fi^om  WVU  and  the  pharmaceutical  industry.    An 
instrumentation  program  in  which  small  grants  are  given  to  two-  or  four-year  colleges  has  been 
especially  well-received  and  the  projects  facilitated  by  these  grants  enthusiastically  presented  at 
the  annual  state  EPSCoR  conference. 

To  understand  the  technology  needs  of  the  state,  the  EPSCoR  Advisory  Board  has  members  fi"om 
industry  and  state  government  as  well  as  fi"om  the  major  research  universities  and  four-year 
colleges.  As  the  number  of  Federal  agencies  fianding  research  through  the  EPSCoR  model  has 
increased  (DoE,  DoD,  NIH,  NASA),  the  need  for  a  state  science  and  technology  strategic  plan 
has  become  more  pressing  to  ensure  that  the  main  technology  needs  of  the  state  are  addressed  and 
overlap  avoided.  The  EPSCoR  Advisory  Board  has  been  addressing  this  issue  and  has  carried  out 
a  plaiming  study  which  was  recently  discussed  with  Governor  Caperton.  He  instructed  WV 
EPSCoR  to  move  forward  with  development  of  a  proposal  for  a  WV  Science  and  Technology 
Strategic  Plan  and  Council  in  order  to  implement  the  plan.  The  mission  of  the  Council  is: 

"To  strengthen  the  state's  science  and  technology  infi^astructure,  including  research  and 
development  and  fiiUy  integrate  it  into  the  state's  industrial  and  economic  development 
strategies." 
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The  expected  outcomes  of  a  successfully  implemented  state  S&T  strategic  plan  include  the 
following: 

•  Technically  proficient  new  entrants  into  the  labor  market. 

•  Upgraded  skiUs  in  the  current  work  force. 

•  Research  and  development  in  universities  relevant  to  state  needs 

•  Increased  and  more  relevant  R&D  funded  by  industry  and  Federal  agencies. 

•  Increased  deployment  and  more  eflFective  utilization  of  technology. 

•  Integration  of  science  and  technology  into  state  policy. 

I  am  pleased  that  the  following  benefits  have  been  accrued  to  WV  through  participation  in 
EPSCoR; 

•  Improved  ability  to  attract  and  retain  outstanding  scientists. 

•  Better  university  research  targeted  toward  needs. 

•  Broadened  knowledge  of,  and  interest  in,  science. 

•  Increased  interaction  between  the  universities  and  colleges. 

•  Increased  interaction  between  universities,  industry  and  state  government. 

•  Increased  research  funding. 

West  Virginia  EPSCoR  is  proud  of  the  achievements  we  have  accomplished  thus  far.  However, 
several  issues  must  be  addressed  for  us  to  continue  developing  a  strong  science  and  technology 
infi-astructure.  These  include: 

•  The  stability  of  EPSCoR  programs,  and  the  ability  to  transition  investigators  and 
groups  into  the  mainstream  Federal  and  private  sector  research  programs  in  the 
EPSCoR  funding  time-fi^ame. 

•  Matching  funds,  especially  as  the  non-research  component  of  the  program  increases. 

•  Support  for  basic  versus  applied  research. 

•  Industrial  linkages. 

On  behalf  of  the  West  Virginia  EPSCoR  Advisory  Committee,  I  want  to  thank  you  for  this 
opportunity  to  testify.  EPSCoR  is  a  relevant,  cost-efiFective  successful  partnership  which  serves 
as  a  model  for  the  Nation.    In  order  to  expand  EPSCoR,  and  take  this  initiative  to  the  next  logical 
step,  West  Virginia  EPSCoR  offers  the  following  recommendations  for  the  future: 

•  Continue  the  EPSCoR  programs  with  increased  emphasis  on  centers  for  advanced 
technology. 

•  Increase  the  size  and  duration  of  grants,  subject  to  acceptable  performance  against 
milestones. 
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Senator  Burns.  I  have  a  hard  and  fast  commitment  at  12  noon 
today,  and  I  just  want  to  ask  a  question  of  Dr.  Danek  and  one  of — 
Dr.  Swenson,  I  am  going  to  turn  you  over  to  Dr.  Rockefeller.  We 
have  too  many  doctors  around  here,  too  many  titles  here.  I  cannot 
handle  all  this.  [Laughter.] 

Senator  Burns.  And  then  I  will  try  to  get  through  my  obligation 
and  try  to  make  it  back.  If  you  are  still  going,  well,  I  have  some 
other  questions  to  ask. 

Dr.  Danek,  I  noticed  on  your — on  the  little  handout  that  you  gave 
us,  on  the  back,  you  had  zeroed  USDA  and — in  your  EPSCoR 
funds. 

Dr.  Danek.  Right.  I  need  to  note  for  the  record  that  I  have  not 
zeroed  them  out,  out  that  is  what  is  being  requested  by  the  Admin- 
istration in  FY  1996  for  those  programs. 

Senator  Burns.  Well,  then,  I  will  ask  the  head,  the  guy  of  the 
Administration,  right? 

Dr.  Danek.  Yes,  sir.  [Laughter.] 

Dr.  Danek.  The  question — the  real  question  that  is  raised,  which 
is  the  most  important  issue,  is  the  stability  of  the  EPSCoR  program 
from  year  to  year  across  the  Federal  Government. 

In  FY  1995,  there  was  $81  million  available  within  the  program. 
The  request  for  FY  1996  is  $45  million,  which,  as  I  said,  was  one- 
half  of  1  percent  of  the  total  Federal  R&D  dollars  awarded  to  uni- 
versities and  colleges. 

An  equally  important  question  is  how  do  we  balance  the  support 
for  existing  quality  centers  of  excellence  and  the  development  of 
new  science  and  technology  centers  across  the  country. 

And  one  must  ask  an  investment  of  one-half  of  1  percent  of  Fed- 
eral R&D  fimds  in  EPSCoR  sufficient  for  developing  the  states  that 
were  shown  on  the  map? 

And  I  might  note,  sir,  that  six  out  of  the  nine  subcommittee 
members  come  from  EPSCoR  states,  and  a  majority  of  the  full  com- 
mittee members  come  from  EPSCoR  states. 

Senator  Burns.  Well,  thank  you  very  much.  I  am  going  to — I  will 
be  back,  and  I  want  to  ask  a  couple  questions  of  you.  I  am  going 
to  turn  this  over  to  Senator  Rockefeller,  and  I  will  get  back  here 
as  soon  as  I  possibly  can.  But  I  cannot  budge  that — I  can  fight  ev- 
erybody in  the  world,  but  you  cannot  fight  that  clock. 

If  you  wrap  it  up,  well,  you  wrap  it  up,  and  we  will  have  some 
questions  for  you.  OK?  You  might  ask  Bob  Swenson  for  some  exam- 
ples of  how  it  has  helped  Montana  State  University,  give  us  a  cou- 
ple of  examples  of  that. 

Senator  Rockefeller  [presiding].  Dr.  Swenson,  can  you  give  me 
some  examples  of  how  this  has  helped  Montana?  [Laughter.] 

Dr.  Swenson.  Well,  with  the  important  man  leaving  the  room, 
I  have  to  tell  him,  I  guess,  off  the  record,  will  I  not?  [Laughter.] 

Dr.  Swenson.  I  think  there  are  lots  of  ways  it  has  helped  us. 
Probably  the  most  important  way.  Senator  Rockefeller,  is  it  has 
created  a  different  environment,  both  on  the  campus  and  within 
the  community,  as  well  as  state-wide. 

It  has  brought  to  the  fore  the  importance  of  education  and  the 
importance  in  particular  of  science  and  technology  education  in  the 
state,  and  the  importance  of  that  for  future  jobs  and  for  the  future 
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economic  well-being  of  the  state.  I  think  that  is  the  most  important 
thing  it  has  done  in  general. 

It  certainly  has  allowed  us  to  develop  a  rather  large  number  of 
competitive  scientists  now,  and  it  has  allowed  us  to  bring  together 
from  a  variety  of  campuses  in  the  State  of  Montana  groups  with 
similar  interests  and  allowed  them  to  begin  to  develop  collaborative 
research  programs. 

And  finally,  and  what  is  most  important  to  our  state  legislators 
is  that  these  groups  that  are  forming  from  across  the  state  are  be- 
ginning to  do  research  together  with,  in  partnership  with,  the  pri- 
vate sector. 

And  we  have  a  number  of  examples  where  private  sector  part- 
ners with  the  university  have  led  to  specific  product  lines  that 
those  companies  have  been  able  to  sell. 

I  think  that,  in  a  nutshell,  is  the  importance  of  EPSCoR  pro- 
grams. 

Senator  Rockefeller.  I  think  that  is  very  important  to  say. 

And,  Dr.  Saunby,  I  want  to  obviously  come  to  you,  because  you 
spent  many  years  in  West  Virginia  helping  on  this.  I  think  that  in 
what  tend  to  be  more  rural  states,  where  universities  do  not  think 
of  themselves  as  Harvards  or  MITs  or  Stanfords  or  Johns  Hopkins 
but  have  within  their  capacity  to  attract  people  who  have  the  ca- 
pacity to  be  much  more  advanced,  if  they  feel  that  there  is  some- 
thing out  there  supporting  them. 

And  I  think  as  is  so  often  true  in  rural  states,  it  is  psychology 
that  is  at  work,  and  something  like  EPSCoR  is  tremendously  im- 
portant. I  remember  Erich  Bloch,  whom  I  enormously  admire. 

He  just  really  was  intrigued  by  EPSCoR.  And  he  and  I  and  a 
number  of  others  had  some  real  discussions  on  this,  and  the  pro- 
gram did  pick  up  once  again. 

But  I  really  believe  in  the  atmosphere  aspect,  that  there  is  a  col- 
laboration, that  it  is  OK  to  be  aggressive  about  science. 

I  remember  in  West  Virginia — and.  Dr.  Saunby,  you  can  com- 
ment on  this — I  think  there  was  a  period  of  time  when  it  was  tough 
to  get  our  legislature  to  go  along  with  EPSCoR,  tough  to  get  our 
Governor  to  go  along  with  that. 

But  then  as  things  develop,  you  attract  your  Dr.  Changs,  you  at- 
tract other  possibilities,  people's  confidence  picks  up,  and  it  gets  to 
where  it  ought  to  be  in  the  first  place. 

And  actually,  I  would  love — ^you  gave  a  number  of  examples  of 
how  it  did  help  West  Virginia— but  I  would  love  you  to  give  a  few 
more,  if  you  could,  because  I  really  believe  in  this  prog^ram. 

I  think  it  is  the  same  theory  as  most  good  ideas.  They  do  not 
come  out  of  IBM  and  do  not  come  out  of  Motorola.  They  come  out 
of  the  small  and  medium-sized  businesses. 

And  there  is  no  reason  there  should  be  any  difference  between 
that  example  and  this  example  in  terms  of  science  and  ideas. 

Dr.  Saunby.  I  think  as  we  look  at  our  programs,  the  one  thing 
that  happened  was  the  coalescence  of  different  departments  within 
West  Virginia  University.  You  know,  that  may  sound  trivial,  but  it 
really  is  not. 

To  break  down  the  barriers  between  physics,  chemistry,  mathe- 
matics, electrical  engineering  and  have  them  come  together  to  form 
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the  Non-linear  Dynamic  Center,  they  came  together  to  develop  a 
proposal,  even  before  they  had  funding. 

It  was  exciting  that  these  people  realized  that  the  coalescence 
was  what  was  important. 

We  have  had  in  West  Virginia  a  strong  industrial  leadership  on 
the  advisory  board.  The  current  chairman  is  Dr.  deBarbadillo  from 
INCO. 

So  our  focus  has  been  a  little  different,  because  while  we  support 
and  understand  the  need  for  basic  research,  we  also  look  at  the 
need  for  research  to  lead  somewhere. 

And  this  is  where  many  of  our  discussions,  as  we  have  talked 
and,  as  you  mentioned,  with  Grovemor  Caperton  have  led.  We  are 
still  getting  to  understand  the  timeframe  for  EPSCoR  versus  the 
timeframe  for  industrial  research,  the  need  to  establish  centers  and 
the  need  to  establish  to  credibility,  the  need  to  develop  basic  chem- 
istry, basic  science  which  precedes  application. 

Ajid  just  one  comment:  We  met  with  Governor  Caperton,  and  we 
talked  about  the  program  when  we  were  asking  for  funding  for 
phase  two.  He  was  supportive  of  the  concept. 

And  then  he  turned  to  us  and  said,  "How  many  jobs  will  this  cre- 
ate in  West  Virginia?" 

So  we  are  trying  to  bridge  the  mindset  between  jobs  today,  in- 
stant gratification  and  a  research  program  which  promises  jobs  in 
the  future.  We  did  get  support.  He  did  support  us.  And  our  posi- 
tion, quite  frankly,  was  this  is  the  precursor  of  job  opportunities. 
It  does  not  lead  to  jobs  today. 

So  we  have  been  able  to  really  structure  programs  that  have 
state  relevance  and  that  is  understood  by  the  people  in  the  House 
and  the  Senate  of  West  Virginia. 

So  that  is  the  approach  we  have  taken,  to  say  not  instant  gratifi- 
cation, but  we  are  talking  futures.  You  must  invest  in  the  future 
if  you  are  to  have  ultimate  success  for  the  state. 

Dr.  Danek.  Might  I  add  something  to  that.  Senator,  in  terms  of 
the  future? 

Senator  Rockefeller.  Please. 

Dr.  Danek.  All  of  the  EPSCoR  states  and  all  of  us  here  support 
the  position  of  increased  funding  for  the  National  Science  Founda- 
tion for  all  of  the  mainstream  programs.  It  is  the  goal  of  EPSCoR 
to  increase  the  number  of  individuals,  in  the  states  that  we  rep- 
resent, in  the  mainstream  programs  of  NSF. 

This  is  one  of  the  reasons  the  EPSCoR  Foundation  was  created. 
And  I  am  pleased  to  note  that  Mr.  Erich  Bloch  has  agreed  to  be 
the  Chair  of  the  National  Advisory  Board  for  the  EPSCoR  Founda- 
tion. The  Foundation  plans  to  look  at  some  of  the  issues  that  are 
being  addressed  today,  and  some  of  the  issues  that  will  face  the 
Nation  and  EPSCoR  in  the  future  so  that  the  EPSCoR  program  can 
be  as  successful  as  it  has  been  in  the  past. 

Senator  Rockefeller.  I  am  going  to  close  the  panel  now,  pri- 
marily because  I  think  there  is  tremendous  support,  not  just  from 
the  Chairman  but  myself  and  others  on  this  committee,  tremen- 
dous support  for  EPSCoR.  There  is  not  a  sense  of  trying  to  probe 
for  weaknesses.  It  is  a  question  of  just  outright  support  on  the  com- 
mittee. 
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And  actually,  it  raises  an  interesting  thing,  going  back  to  my 
original  point  Government  money  can  be  used  to  stimulate  some- 
thing as  critical,  for  example,  as  bringing  different  faculty  members 
from  different  departments  together  at  West  Virginia  University.  I 
agree  with  you,  that  is  an  enormously  important  happenstance,  be- 
cause there  may  be  three  or  four  key  people  in  each  of  the  depart- 
ments, or  even  one  or  two  key  people. 

And  bringing  them  together  through  the  lure  of  something  from 
the  outside  or  the  discipline  from  something  outside  and  oppor- 
tunity, you  just  help  the  bureaucracy  and  the  culture  of  university 
do  something  that  often  does  not  happen  on  its  own. 

EPSCoR  has  been  able  to  do  that.  I  can  remember  going  to  an 
exhibition  of  science  and  technology  put  on  by  West  Virginia  Uni- 
versity, and  EPSCoR  had  its  own  booth,  so  to  speak,  and  they  were 
just  ravenous  trying  to  get  me  to  come  over  there  and  spend  time. 

There  was  a  bunch  of  it.  And  that  is  the  point.  I  mean,  that  is 
the  point,  that  minds,  ideas,  cross-fertilize  at  West  Virginia  Univer- 
sity or  Marshall  University,  or  at  Montana  State  University. 

Those  things  become  tremendously  important.  And  there  are  not 
other  mechanisms  in  place  that  would  otherwise  cause  that  to  hap- 
pen. 

But  it  interests  me,  also,  that  again  this  is  government  money, 
and  universities  are  not  an  industry.  This  is  not  industrial  policy, 
but  this  is,  however,  a  specific  commitment  on  the  part  of  govern- 
ment to  use  government  to  engender  something  which  would  other- 
wise probably  not  happen  in  rural  states.  It  is  a  valuable  use  to 
me  of  public  funds,  because  it  causes  excellent  things  to  go  on. 

So  I  will  not  probe  further.  I  have  some  other  questions  here,  but 
they  are  such  softballs  that  I  am  really  embarrassed  to  ask  them, 
because  they  are  just  to  elicit  statements  of  support  for  you.  And 
I  think  we  are  all  in  agreement  on  this. 

So  I  hope  that  EPSCoR  will  continue  to  be  very  much  in  the 
minds  of  our  people.  I  have  been  approached  both  by  people  who 
teach  at  West  Virginia  University  and  at  Marshall,  very  enthu- 
siastically about  this,  are  extremely  excited  about  it. 

And  it  is  a  sense  of  maybe  West  Virginia  can  move  from  here  to 
here.  And  just  the  idea  of  moving  fi'om  here  to  here  becomes  very 
exciting.  It  stimulates  collegial  possibilities  and  work.  It  has  great 
meaning. 

And  I  am  sure  those  things  have  meaning  at  Stanford  and  Har- 
vard and  other  places,  too,  but  they  iust  are  needed  very  much  at 
a  broader  array  of  universities  and  colleges. 

So  I  want  to  thank  all  of  you.  You  came  considerable  distances, 
some  of  you,  and  I  think  that  definitely  needs  to  be  noted. 

You  were  listened  to  by  two  Senators,  not  by  an  entire  commit- 
tee. Do  not  be  shocked  by  that.  That  happens  quite  a  bit,  because 
we  all  belong  to  a  variety  of  committees. 

But  I  think  the  support  for  EPSCoR  is  very  strong.  Your  testi- 
mony is  most  affirming  and  therefore  very  helpful.  And  I  thank  all 
of  you  a  lot. 

tWhereupon,  at  12:06  p.m.,  the  hearing  was  adjourned.] 
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Prepared  Statement  of  Dr.  Pamela  A.  Ferguson,  President  of  Grinnell 

College 

I  am  pleased  to  offer  testimony  for  this  Committee,  and  bring  attention  to  issues 
relating  to  the  reauthorization  of  the  National  Science  Foundation  and  the  NSF  FY 
1996  Budget  Request.  I  will  do  this  from  the  perspective  of  the  independent,  pre- 
dominamtly  undergraduate  institution — from  Grinnell  College  and  other  colleges 
within  the  Associated  Colleges  of  the  Midwest,  and  from  the  Central  Pennsylvania 
Consortium,  and  other  member  institutions  of  the  Independent  Colleges  Oflice.  ^ 

I  have  two  points  to  make: 

I.  That  discussions  about  reauthorization  of  and  budget  for  the  National  Science 
Foundation  must  be  based  on  a  clear  understanding  of  how  a  strong  undergraduate 
community  serves  the  national  interest.  A  vital  science  and  mathematics  community 
at  the  undergraduate  level  is  central  to  the  ability  of  NSF  to  achieve  the  first  goal 
stated  in  the  recently-announced  NSF  Strategic  Plan: 

[The  goal  to  enable]  the  U.S.  to  uphold  a  position  of  world  leadership  in  all  as- 
pects of  science,  mathematics  and  engineering  [is  based  on]  the  conviction  that  a 
Kosition  of  world  leadership  in  science,  mathematics  and  engineering  provides  the 
ration  with  the  broadest  range  of  options  in  determining  the  course  of  our  economic 
future  and  our  national  securitv  (NSF95-24[NEW]) 

n.  That  NSF  and  the  nation  s  colleges  and  universities  have  a  shared  responsibil- 
ity to  build  and  sustain  undergraduate  programs  in  science,  mathematics,  engineer- 
ing, and  technology  education  that  serve  the  national  interest;  that  collectively  we 
must  strive  to  achieve  the  fiarther  goals  presented  in  the  NSF  Strategic  Plan: 

[The  goal  to]  promote  the  discovery,  integration,  dissemination,  and  emplojnment 
of  new  knowledge  in  service  to  society...  [The  goal  to]  achieve  excellence  in  U.S. 
science  and  mathematics,  engineering  and  technology  education  at  all  levels.  This 
goal  is  worthy  in  its  own  right,  and  also  recognizes  that  the  first  two  goals  can  be 
met  only  by  providing  educational  excellence.  It  requires  attention  to  needs  at  every 
level  of  schooling  and  access  to  science,  mathematics,  engineering  and  technology 
educational  opportunities  for  every  member  of  society.  (NSF95-24[NEW]) 

The  institutions  I  represent  request  that: 

•  This  Committee  take  aggressive  action  to  ensure  NSF's  ability  to  serve  the  na- 
tional interest,  particularly  maintaining  a  vital  program  of  science  education  at  all 
levels. 

This  is  the  50th  Anniversary  Year  of  the  founding  of  NSF,  as  well  as  of  the  end 
of  the  Second  World  War  and  the  dropping  of  the  atomic  bomb.  NSF  was  established 
"to  promote  the  progress  of  science;  to  advance  the  national  health,  prosperity,  and 
welfare;  to  secure  the  national  defense;  and  for  other  purposes."  In  the  Authorizing 
Act,  NSF  was  directed  to: 

initiate  and  support  basic  scientific  research  and  programs  to  strengthen  scientific 
research  potential  and  science  education  programs  at  all  levels  in  the. ..sciences  [and] 
engineering..  ^National  Science  Foundation  Act  of  1950) 

Such  a  mission  is  no  less  critical  today  than  at  the  outset  of  the  Cold  War,  or 
in  the  days  after  Sputnik.  I  join  many  others  in  celebrating  the  contribution  of  the 
National  Science  Foundation,  and  anticipating  its  continued  contribution,  specifi- 
cally my  role  is  to  bring  your  attention  to  the  value  of  NSF  programs  that  have  an 
impact  at  the  undergraduate  level.  The  current  generation  of  undergraduates — the 
12  million  students  now  studying  for  associate  and  baccalaureate  degrees  on  over 
3,000  campuses  across  the  country — will  be  responsible  for  the  quality  of  life  and 
the  economic  vitaUty  of  our  nation  in  the  first  decades  of  the  21st  Century. 

As  Director  Lane  said  recently, 

Producing  faculty  is  not  the  only  goal;  we  need  to  prepare  more  young  people  in 
science  for  a  wider  range  of  careers.  Many  professions  are  going  to  require  a  founda- 
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College  (CA);  Reed  College  (OR);  Ripen  College  (WI);  Scripps  Collie  (CA);  St.  Olaf  College 
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tion  in  science  and  technology  to  he  part  of  the  future  of  this  nation.  (Science,  Novem- 
ber 4,  1994) 

Increasingly  also,  as  science  and  technology  have  an  impact  on  all  life,  we  all  need 
to  know  more  and  better  science  to  ensure  that  students,  indeed  all  of  us,  are  pre- 
pared to  be  productive  citizens. 

Lewis  Thomas  said  it  veir  well: 

We  need  to  know  more.  We  cannot  stop  where  we  are,  stuck  with  today's  level  of 
understanding  nor  can  we  go  back  I  do  not  see  that  we  have  a  real  choice  in  this, 
for  I  can  see  only  the  one  way  ahead  We  need  science,  more  and  better  science,  not 
for  its  technology,  not  for  leisure,  not  even  for  health  or  longevity  but  for  the  hope 
of  wisdom  which  our  kind  of  culture  must  acquire  for  its  survival 

***** 

In  Attachment  I  is  presented  some  pertinent  data  about  ICO  institutions,  with 
comparative  data  from  a  select  group  of  universities  and  colleges.  Please  note  the 
measurable  productivity  of  this  group  of  institutions;  we  are  in  the  sector  of  higher 
education  that  has  3%  of  the  undergraduate  enrollments  and  produces  about  16% 
of  the  Ph.D.'s.  We  are  also  leaders  in  the  current  effort  to  transform  undergraduate 
science/math  education.  Attachment  11  includes  excerpts  from  the  article  in  the  No- 
vember 4,  1994  Science  which  focused  on  innovations  in  classroom  and  lab,  high- 
lighting many  of  the  programs  on  the  campuses  which  I  represent. 

***** 

I.  A  strong  undergraduate  community  serves  the  national  goals  of  competitiveness 
and  leadership. 
The  question  often  asked  is: 

•  Is  the  balance  between  research  and  education  activities  at  NSF  is  correct,  as 
reflected  in  the  FY96  Budget  request? 

The  term  "balance"  is  not  one  I  prefer  to  use,  since  it  suggests  some  quantifiable 
measure,  or  a  sense  of  competition.  I  propose  that  the  question  be: 

•  Is  research  and  education  are  oecoming  integrated  in  a  manner  that  truly 
serves  the  national  interest? 

and  that  we  then  ask: 

•  What  does  integrating  research  and  education  mean  for  the  capacity  of  under- 
graduate SMET  programs  to  contribute  to  national  competitiveness? 

The  undergraduate  sector  is  the  critical  link  in  the  national  efTort  to  build  a  pro- 
ductive workforce.  Here  we  prepare  the  K-12  teachers  and  the  next  generation  of 
science  professionals,  those  who  wUl  be  leaders  in  corporations  and  governments, 
persons  who  wiU  need  a  clear  understanding  of  the  nature  of  science  and  the  poten- 
tial (and  limitations)  of  technology.  For  most  of  those  who  will  be  the  next  genera- 
tion of  leaders — among  whom  wiU  be  current  students  at  colleges  and  universities 
across  the  country — the  undergraduate  years  will  be  their  last  formal  opportunity 
for  a  rigorous  intellectual  engagement  with  science  and  mathematics,  engineering 
and  technology. 

Colleges  like  GrinneU,  and  my  ICO  colleagues,  operate  under  an  implicit  contract 
with  our  students,  with  the  families  of  our  students,  and  with  the  citizens  of  this 
nation  to  provide  an  education  that  sends  out  g[raduates  equipped  to  lead  productive 
and  self-fulfilled  lives.  When  the  faculty,  administrators,  and  Trustees  at  GrinneU 
reflect  on  that  contract,  we  know  we  have  to  sustain  strong  programs  in  science  and 
mathematics  if  our  students  are  to  be  well-prepared  for  their  world.  Indeed,  we 
know  we  have  to  continue  to  do  even  better  if  we  are  to  attract  the  kind  of  students 
who  aspire  to  be  leaders  into  the  21st  Century. 

As  a  community  we  look  at  how  we  educate  all  our  students,  those  with  interest 
in  K-12  teaching,  those  (a  growing  number)  who  come  to  us  with  a  clear  sense  that 
a  career  in  one  of  the  scientific  or  technological  fields  is  right  for  them,  and  those 
students  who  look  toward  careers  in  fields  outside  of  science  and  technology.  We 
look  at  what  works  in  getting  students  interested  and  involved  in  the  study  of 
science  and  mathematics.  Here  is  what  we  found: 

•  hands-on  experiences  for  students,  in  beginning  courses  through  senior  projects: 

•  interdisciplinary,  collaborative  teams  oi  students  and  students,  students  and 
faculty,  faculty  and  faculty; 

•  networking  computers  for  use  by  majors  and  non-majors — interfacing  computers 
and  lab  equipment; 

easy  access  for  all  students  to  the  most  sophisticated  equipment; 
courses  that  connect  to  the  real-life  experience  of  students; 

•  persistent  personal  contact  between  faculty  and  students — in  class  and,  espe- 
cially, in  the  lab; 

•  space  and  time  for  the  serendipitous  encounter  that  is  an  essential  part  of  domg 
science;  and 
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•  facilities  that  are  safe,  and  that  accommodate  such  an  environment  for  learning. 
We  found  what  works  is  when  research  and  teaching  are  integrated,  when  senior 

professors  and  newly-appointed  faculty  are  committed  to  translating  their  research 
into  learning  experiences  for  students — all  students,  majors  and  non-majors,  those 
who  aspire  to  be  K-12  teachers  and  those  working  toward  a  career  in  industry  or 
academe.  This  has  been  the  culture  for  many  years  on  our  campus,  and  this  is  the 
key  reason  for  the  productivity  of  Grinnell  and  other  ICO  institutions. 

Why  is  this  important?  miy  is  integrating  education  and  research,  providing 
hands-on  letiming  opportunities  for  students — at  all  levels  and  with  different  career 
aspirations — in  the  national  interest? 

The  answer  is  clean  we  need  a  workforce  for  the  future  with  the  kind  of  skills 
learned  through  a  rigorous  encounter  with  science  and  mathematics;  we  need  a  citi- 
zenry prepared  to  make  decisions  about  issues  with  scientific  and  technological  di- 
mension. The  corporate  leaders  with  whom  I  speak  regularly  describe  the  kind  of 
people  they  seek  to  hire:  persons  who  can  ask  questions,  solve  problems,  and  woric 
collaboratively,  persons  wno  know  how  to  conununicate  the  results  of  their  work, 
persons  who  know  how  to  use  computers  and  other  sophisticated  equipment. 

Such  skills  are  developed  when  students  have  the  opportunity  to  do  science"  as 
scientists  do  science.  More  and  more,  what  is  happening  on  campuses  across  the 
country  is  that  students  are  being  taught  how  to  ask  questions,  question  evidence, 
and  use  computers  and  other  sophisticated  instrumentation  in  seeking  answers. 
Many  of  the  innovative  courses  now  being  developed  for  beginning  students  provide 
"researeh-training"  opportunities.  These  courses  challenge  them  to  take  an  active 
(rather  than  passive)  role  in  shaping  their  understanding  and  to  work  collabo- 
ratively in  teams — sharing  ideas  freely  and  taking  collective  responsibility  for  the 
results  of  their  work.  Many  of  these  students,  particularly  those  who  become  majors, 
are  actively  involved  with  faculty  research  projects. 

If  you  were  to  visit  one  of  our  campuses  during  the  academic  year  or  summer, 
you  might  see  students  and  faculty  working  together  on  NSF-funded  projects  explor- 
ing: 

•  the  interaction  of  the  solar  wind  with  the  Earth's  near-space  environment  (even 
traveling  to  the  Arctic  Circle  to  install  instrumentation); 

•  the  impact  of  the  zebra  mussel  on  indigenous  mussels  in  the  St.  Croix  River; 
or 

•  the  relationship  between  parasite  infestation  and  cancer  incidence  in  mamma- 
lian hosts. 

Given  in  Attachment  II  fire  fuller  descriptions  of  these  and  other  current  research 
activities  on  ICO  campuses,  activities  through  which  students  gain  a  sense  of  the 
wonder  and  excitement  of  doing  science,  and  are  impelled  to  continue  their  learning. 
Research  and  education  are  integrated  on  our  campuses.  For  us,  involving  under- 
graduates in  research  and  research-training  is  just  another  way  of  teaching.  Our 
collective  responsibility  is  to  provide  such  opportunities,  at  least  in  a  limited  way, 
to  all  undergraduates. 

Increasingly,  NSF  policies  and  programs  are  integrating  education  and  research 
in  creative  ways.  The  new  CAREER  program,  which  supports  young  faculty  with 
demonstrated  ability  to  integrate  teaching  and  research,  is  one  critical  pilot  program 
(succeeding  a  similar  program  focused  primarily  on  advancing  the  research  careers 
of  young  faculty).  Another  is  the  new  Collaborative  Research  in  Undergraduate  In- 
stitutions (CRUI)  program,  which  recognizes  that  the  boundaries  between  the  dis- 
ciplines are  dissolving.  CRUI  supports  multidisciplinary  research  projects  that  in- 
volves undergraduate  faculty  ana  students.  Each  of  these  new  programs  should  be 
evaluated;  they  should  be  expanded.  (CRUI  received  about  330  applications,  and  will 
be  making  only  20  awards.  Demand  outstrips  supply!)  Through  programs  like  these, 
NSF  sends  signals  to  the  community  that  faculty  who  spend  time  with  students,  in- 
tegrating research  and  educational  activities,  will  be  rewarded  at  the  national  level. 

Support  for  such  activities  fits  precisely  into  the  NSF  mandate,  to  invest  in  re- 
searcn  and  education  in  all  aspects  of  science,  mathematics,  and  engineering.  Re- 
search done  with  undergraduates,  although  it  may  not  be  done  at  the  speed  as  when 
post-docs  and  Ph.D.'s  are  solely  involved,  does  advance  the  discovery  and  integration 
of  knowledge.  Thus,  when  it  is  done  ri^t — when  research  and  education  are  truly 
integrated — ^you  get  "two  for  the  price  of  one"  creating  new  knowledge  and  giving 
students  the  skills  to  succeed  in  Ufe.  Is  not  this  just  the  kind  of  effectiveness  and 
efficiency  we  are  all  seeking  to  achieve? 

n.  N^  and  the  nation's  colleges  and  universities  have  a  shared  responsibility  to 
build  and  sustain  undergraduate  programs  in  science  and  mathematics  that  serve 
the  national  interest. 

Grinnell  and  my  sister  institutions  could  not  have  done  what  has  been  completed 
so  far,  and  will  not  be  able  to  finish  what  is  planned,  without  many  partners — 
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friends  of  the  college  (individuals  and  private  foundations);  without  the  financing 
opportunities  provided  by  state  and  local  governments;  and  without  the  important 
leveraging  support  from  the  National  Science  Foundation.  NSF  grants  to  the  under- 
graduate community  set  the  standards  for  our  work  in  research,  research-training, 
and  education;  they  provide  further  incentive  to  colleges  like  mine  by  helping  to  set 
the  parameters  for  effective  planning  for  curriculum  and  facilities  renewal;  tney  le- 
verage critical  dollars  from  other  donors,  and  they  enable  us  to  make  a  significant 
contribution  to  the  community. 

A  question  was  asked  at  a  Hearing  of  the  House  Subcommittee  on  Basic  Research: 

•  Are  NSF's  programs  duplicated  within  the  Federal  government? 

This  is  a  critical  question,  at  a  time  when  every  bucket  line  item  is  being  exam- 
ined (on  campuses  as  well  as  in  Congress).  I  will  answer  it  from  the  perspective  of 
the  undeT^aduate  community.  Attachment  IV  gives  data  from  the  1992  FCCSET 
study,  which  identifies  NSF  as  the  nearly  sole  source  of  support  for  undergraduate 
programs.  If  we  are  to  build  and  sustain  the  strong  undergraduate  SMET  commu- 
nity this  nation  needs,  NSF  is  the  key  to  making  this  happen.  It  is  important  to 
note  here  that,  even  given  the  signiflcant  increase  in  funding  for  education  at  NSF 
over  the  recent  past,  funding  levels  for  undergraduate  programs  has  been  relatively 
flat. 

NSF  support  for  instrumentation,  for  course  and  curriculum  development,  for  fa- 
cilities, for  partnerships  and  for  faculty  development  is  critical  to  the  capacity  of  un- 
dei^aduate  institutions  to  continue  to  serve  the  national  interest.  This  is  a  public 
policy  issue,  and  should  be  considered  just  as  carefully  as  issues  about  the  balance 
between  curiosity-driven  and  strategic  research.  Budget  justifications  within  the  Re- 
search Directorates  in  the  NSF  FY  1996  Request  oescribe  how  the  Foundation  is 
the  nation's  principal  supporter  of  fundamental  academic  research.  This  is  the  same 
case  we  must  make  for  tne  undergraduate  sector. 

At  this  point  I  would  like  to  address  the  question: 

•  What  level  of  funding  should  be  provided  to  the  academic  research  facilities 
modernization  program? 

My  answer  will  oe:  the  level  of  funding  in  the  original  authorization  of  the  Aca- 
demic Research  Infrastructure  (ARI)  Program — $250  million. 

The  physical  environment  for  research  and  research-training  on  our  campuses  is 
in  a  crisis  situation,  a  crisis  at  three  levels.  First,  many  buildings  are  deteriorating, 
structurally  inflexible,  and  obsolete.  Many  need  to  be  brought  up  to  standards  for 
health  and  safety.  Many  need  to  be  renovated  to  accommodate  computer  networks 
and  other  sophisticated  technologies  that  are  now  an  integral  part  of  the  under- 
graduate experience.  Second,  the  generation  of  facilities  now  in  use  were  designed 
for  passive  learning,  for  spoon-feemng  bits  of  information  into  students,  for  a  learn- 
ing environment  where  tne  faculty  member  was  "in  control."  I  described  earlier 
what  works.  To  have  programs  that  work  requires  spaces  that  accommodate  the  ac- 
tive, collaborative,  communitv-based  approach  to  learning.  The  final  dimension  of 
the  crisis  is  the  present  fiscal  climate.  To  do  SMET  education  right  is  costly;  it  will 
be  more  costly  for  the  nation  over  the  long-term  if  we  do  not  do  it  right. 

It  is  important  not  to  lose  sight  of  the  fact  that  we  are  not  asking  NSF  or  the 
federal  government  to  meet  all  our  needs,  not  even  most  of  them;  we  are  asking  for 
a  partnership  that  works  together  to  find  new  ways  of  financing  infrastructure 
needs,  woricing  together  on  a  national  agenda. 

There  are  significant  strengths  of  the  current  ARI  program,  as  authorized,  that 
I  must  emphasize: 

•  As  mandated  by  Congress,  it  provides  support  in  an  equitable  fashion  to  institu- 
tions large  and  small,  public  and  private,  in  all  parts  of  the  country. 

•  It  sets  national  standards  for  planning,  helping  to  ensure  that  the  current  gen- 
eration of  facilities  wiU  serve  the  community  well  into  the  next  century. 

•  It  is  a  grassroots  program,  in  that  institutions  identify  their  own  priorities. 

•  It  is  a  merit-review  process,  not  a  pork-barrel  program.  The  best  projects  get 
funded.  ,     ^ ,    j- 

Although  not  explicit  in  the  authorization  language,  one  valuable  dimension  of  the, 
program  has  been  that  it  exists  at  all.  Planning  new  spaces  (new  construction  or 
remodeling  projects)  takes  about  three-five  years.  In  my  case  at  Grinnell,  beginning 
in  1991  through  the  projects  currently  underway,  we  will  have  committed  $14.5  miN 
lion  to  modernizing  facilities  for  science  and  mathematics  programs.  Bringing  to- 
gether the  resources  to  make  this  happen  was  a  difficult  task;  the  NSF  grant  we 
got  early  on  was  a  significant  catalyst,  leveraging  the  further  support  needed  to 
complete  the  project.  I  have  reviewed  the  ARI  awards  lists  since  the  program  began; 
many  members  of  this  Committee  have  institutions  in  your  district  that  have  ap- 
plied for  and  received  ARI  grants.  To  be  successful,  they,  like  Grinnell,  had  to  de- 
velop a  comprehensive  scheme  for  planning  and  fund-raising  that  incorporated  the 
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possibility  of  NSF  ARI  finding.  We  could  manage  our  affairs  more  effectively  be- 
cause of  the  partnership  with  NSF. 

One  of  the  persisting  questions  Congress  is  asking  NSF  officials  is: 

•  How  do  we  know  your  program's  work? 

There  is  clear  evidence  on  undergraduate  campuses  across  the  country  that  un- 
dergraduate programs  work: 

•  in  getting  students  interested  in  science  and  math  by  giving  them  the  ri^t 
tools  for  learning, 

•  supporting  faculty  research  that  involves  students  as  partners,  and 

•  in  educating  the  next  generation  of  K-12  teachers. 

These  programs,  I  will  emphasize  again,  are  not  duplicated  in  any  other  agency — 
federal  or  state.  They  are  a  significant  investment  in  the  economic  future  of  this 
country. 

Thus,  my  final  recommendation: 

As  this  Committee  and  your  Congressional  colleagues  wrestle  with  where  to  get 
the  best  return-short-term  and  long-term  an  investment  in  infrastructure  for  the  fu- 
ture of  this  country,  supporting  education,  research-training,  and  research  at  the 
undergraduate  level  wUl  be  your  best  bet. 

As  this  Committee  considers  issues  about  the  mission,  aims  and  objectives  for 
NSF  into  the  21st  Century,  we  urge  you  to  keep  in  mind  that  a  strong  National 
Science  Foundation  is  absolutely  central  to  our  nation's  continued  economic  success, 
and  to  our  continued  capacity  to  enable  all  citizens  to  achieve  their  greatest  poten- 
tial-through education  and  through  work,  and  through  the  discovery,  integration, 
dissemination,  and  employment  of  new  knowledge  in  service  to  society. 

[NOTE:  ALL  ATTACHMENTS  USTED  BELOW  ARE  MAINTAINED  IN  SUB- 
COMMITTEE FILES] 

ATTACHMENT  L 

•  UNDERGRADUATE  ORIGINS  OF  EARNED  PH.D.'S 

•  SCIENCE  AND  BACCALAUREATE  DEGREES  AS  PERCENTAGE  OF  UN- 
DERGRADUATE ENROLLMENTS 

ATTACHMENT  II. 

•  EXCERPTS  FROM  SCIENCE, 

Innovations  on  Campus.  Volume  266,  4  November  1994 
Descriptions  of  programs  on  ICO  campuses: 

1.  Page  250.  Some  Small  Schools  are  Big  on  Manufacturing  Scientists. 
(St.  Olaf  College,  Grinnell  CoUege,  Reed  College,  Carleton 

College,  Pomona  College,  and  Oberlin  College) 

2.  Page  856.  Assault  on  the  Lesson  Plan. 
(Reed  College  and  Dickinson  College) 

3.  Page  858.  Curricula  Reform  Hits  the  Web. 
(Gettysburg  College) 

4.  Page  875.  New  Modes  for  Making  Scientists. 
(Dickinson  College,  College  of  the  Holy  Cross,  Oberlin  College) 

5.  John  Jungck:  Godfather  of  the  Virtual  Bio  and  Genetics  Labs 
(Beloit  College) 

ATTACHMENT  m. 

•  DESCRIPTION  OF  SELECTED  RESEARCHy^DUCATION  ACTIVITY-ICO 
CAMPUSES 

ATTACHMENT  IV. 

•  FCCSET  STUDY  OF  FEDERAL  SUPPORT  FOR  UNDERGRADUATE  SMET 
PROGRAMS 

ATTACHMENT  V. 

•  EXCERPTS  FROM  FOUNDATIONS  FOR  THE  FUTURE,  NSF  Publication 
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Questions  Asked  by  Senator  Pressler  and  Senator  Burns  and  Answers 
Thereto  by  John  H.  Gibbons,  Director,  Office  of  Science  and  Technology 
Policy 

senator  pressler  questions 
General 

QUESTION:  1.  How  would  you  describe  the  Administration's  overall  approach  to 
science  and  technology  policy  and  what  are  that  policy's  goals  and  priorities? 

As  enunciated  Iw  the  President  in  his  first  month  in  office,  our  science  and  tech- 
nology poUcies  and  programs  are  directed  toward  three  basic  goals: 

•  strengthening  tne  economy  through  private  investment  in  research  and  develop- 
ment and  the  growth  of  innovation-based  enterprises; 

•  reforming  and  streamlining  government,  to  make  it  work  better  and  cost  less, 
Mdth  a  fair,  efficient,  and  effective  regulatory  system  that  encourages  rather  than 
discourages  innovation; 

•  world  leadership  in  science,  mathematics  and  engineering. 

Federal  investments  in  S&T  are  a  key  element  of  a  comprehensive  strategy  to 
prepare  for  the  21st  century. 

Grovemment  is  an  essential  actor  in  making  sure  science  and  technology  help  us 
reach  our  goals.  Many  of  the  benefits  science  and  technology  confer  are  in  areas  that 
are  either  outside  the  market  or  imperfectly  subject  to  market  forces — such  things 
as  a  strong  national  defense,  first-class  education  and  training,  improved  environ- 
mental quality,  and  fundamental  scientific  research.  In  these  areas,  a  strong  govern- 
ment presence  in  R&D  investments  is  essential. 

A  government  role  is  also  vital  in  promoting  technologies  that  are  critical  to  eco- 
nomic growth,  the  creation  of  good  jobs,  and  meeting  the  common  needs  of  the  na- 
tion, but  cannot  attract  adequate  private  investment.  In  our  partnerships  with  busi- 
ness for  pre-commercial  technology  development,  our  cardinal  rule  is  to  use  govern- 
ment funds  only  where  they  are  essential  and  where  the  payoff  to  society  as  a  whole 
is  large.  We  invest  government  funds,  on  a  cost-shared  basis,  where  private  sector 
investment  is  not  adequate  to  the  job  because  of  unacceptably  hi^  technical  risks, 
prohibitive  cost,  long  payback  horizons,  or  where  the  returns  cannot  be  captured  by 
the  investing  firm  but  spill  out  to  competitors,  other  firms,  or  society  at  large. 

At  the  beginning  of  this  Administration,  President  Clinton  committed  to  an  inte- 
gration of  agency  R&D  budgets  to  ensure  the  Nation's  S&T  investments  served 
broad  national  goals  as  weU  as  agency  missions.  This  Administration  recognizes  the 
contributions  that  R&D  can  make  to  the  vitality  of  this  country  as  we  move  closer 
to  the  21st  century.  R&D  guidance — in  the  form  of  broad  policy  principles  and 
goals — ^has  been  issued  to  guide  the  individual  agencies'  budget  development.  The 
guidance  reflects  a  significant  paradigm  shift  in  the  way  the  Federal  R&D  enter- 
prise is  addressed,  both  from  a  budget  and  a  policy  standpoint. 

The  R&D  policy  principles  direct  the  agencies  to: 

•  emphasize  peer  review 

•  invest  in  human  resources 

•  invest  in  fundamental  science 

•  integrate  civilian  and  military  research  programs  wherever  possible 

•  integrate  environmental  objectives  into  other  goals 

•  encourage  cost-shared  research  partnerships  with  industry  and  with  States 

•  invest  in  anticipatory  R&D 

•  promote  international  cooperation 

•  promote  equity  and  diversity 

The  President's  budget  is  the  single  most  important  statement  that  reflects  his 
commitment  to  S&T  for  economic  growth.  The  budget  reflects  the  Administration's 
policies  and  priorities  as  follows: 

(1)  Within  a  tight  S&T  budget,  we  made  room  for  a  3.5  percent  increase  in  basic 
research.  Basis  research  is  a  crucial  investment  for  our  future  economic  well  being 
and  for  providing  the  quality  of  life  that  Americans  rightfully  expect,  providing  the 
highest  rate  of  return  of  any  federal  investment.  This  growth  has  not  been  easy  to 
achieve.  One  third  of  the  nation's  basic  research  budget  is  in  mission  agencies — 
DOE,  DOD,  NASA — that  are  under  especially  heavy  fiscal  pressure. 

•  Support  for  academic  research  is  maintained.  Investments  at  universities  yield 
a  particularly  high  return,  in  part  because  the  investment  adds  both  to  the  knowl- 
edge base  and  to  training  the  next  generation  of  scientists  and  engineers. 

•  This  activity  will  rely  on  peer  and  merit  review  even  more  than  in  the  past  to 
make  sure  that  our  scarce  research  dollars  are  spent  on  the  best  research  by  the 
best  scientists,  for  the  greatest  return  on  the  American  taxpayers'  investment. 
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(2)  The  budget  is  focused  on  harnessing  S&T  to  solve  real  problems  and  create 
real  opportunities  for  all  Americans.  As  exciting  or  as  important  as  it  may  be,  it's 
not  enough  to  say  we're  close  to  finding  missing  matter  in  the  universe,  or  that 
we're  gaining  a  bietter  understanding  of  the  nature  of  carbon  sinks  in  the  tropical 
rain  forests.  To  the  majority  of  Americans,  these  aren't  the  central  issues.  That  is 
why  the  FVesident's  budget  also  is  focused  on  providing  what  the  public  expects  in 
addition  to  new  knowledge  from  their  investments  in  science  and  technology,  things 
such  as: 

•  Continued  economic  growth  and  job  creation; 

•  National  security,  both  in  defense  and  competitiveness; 

•  Education  and  training  for  ourselves  ana  for  our  children  in  the  new  tech- 
nologies that  hold  the  key  to  our  economic  future; 

•  Better  health,  safe  food  and  water,  and  a  healthy  environment. 

(3)  The  FY96  budget  requests  increased  funding  for  technology  partnerships  with 
U.S.  Industry.  These  partnership  prop^ms  represent  a  small  but  increasingly  vital 
component  of  the  federal  R&D  portfobo. 

•  Funding  is  increased  to  support  work  with  industry  on  high-risk  civilian  indus- 
trial technologies  of  critical  importance  to  the  country. 

(4)  Information  technology  is  a  priority  in  the  FY96  budget.  New  information  tech- 
nologies are  transforming  tne  way  Americans  communicate  with  each  other,  the  way 
businesses  operate,  the  way  we  learn  and  the  way  we  use  our  leisure  time.  These 
are  key  investments  for  a  nation  whose  future  is  tightly  linked  to  the  success  of  in- 
formation technology. 

•  Increased  funoing  is  requested  for  the  High  Performance  Computing  and  Com- 
munications program  for  advanced  research  in  technologies  critical  to  development 
of  the  information  superhighway. 

•  We  will  pursue  a  focused  mitiative  to  develop  Technologies  for  Education  and 
Training.  Information  technology  is  helping  businesses  become  more  productive  and 
better  able  to  serve  the  needs  of  individual  customers.  But  this  revolution  largely 
has  bypassed  the  nation's  schools.  The  goal  of  this  initiative  is  to  create  new  tools 
to  revolutionize  learning  in  the  information  age  for  students  and  workers  of  all  ages. 

(5)  Improved  understanding  of  the  environment  will  contribute  to  a  healthier, 
safer  America  and  a  stronger  economy: 

•  $5.5  billion  in  funding  for  environment  and  natural  resources  research  is  pro- 
posed in  FY96,  a  4%  increase  over  FY95. 

(6)  The  FY96  budget  strengthens  the  federal  investment  in  health,  and  in  agri- 
culture and  food  research  that  will  lead  to  new  ways  to  prevent  and  treat  disease. 
This  investment  will  also  enhance  agricultural  productivity  and  sustain  ability,  food 
safety,  and  environmental  quality: 

•  Funding  at  the  National  Institutes  of  Health  increases  4%  ($468  million).  High- 
est priority  is  given  to  investigator-initiated  research  grants  related  to  targeted 
areas  such  as  the  health  of  women  and  minorities,  disease  prevention,  and  DNA  se- 
quencing technologies. 

•  Agriculture  research  emphasizes  food  safety,  human  nutrition,  germplasm  pres- 
ervation and  genome  mapping,  reduced  dependence  on  chemical  pesticides,  water 
quality,  and  sustainable  agriojlture. 

(7)  With  a  NASA  budget  of  $14.2  billion,  the  Clinton  Administration  is  seeking 
to  m£iintains  America's  leadership  in  space  exploration,  science,  aeronautics,  and 
technology.  We  have  entered  a  new  era  in  space,  one  with  new  research  priorities 
and  new  emphasis  on  efficiency  and  working  in  partnership  with  private  industry. 

The  international  space  station  has  been  redesigned  to  reduce  its  cost,  to  improve 
its  performance  and  safety,  and  to  accelerate  its  schedule.  The  inclusion  of  Russia 
as  a  full  partner  in  the  station  program  meets  important  programmatic  and  foreign 
policy  goals. 

(8)  Continued  science  and  technology  investments  are  critical  to  our  national  secu- 
rity. Superior  technology  allows  us  to  field  the  strongest  military  at  the  lowest 
cost — both  economic  ana  human. 

•  This  budget  shows  our  firm  commitment  to  defense  basic  science — the  seed  com 
on  which  our  technology  programs  depend. 

•  We  are  giving  priority  to:  programs  that  improve  our  warfighting  capabilities, 
such  as  information  technology  and  advanced  modeling  and  simulation  that  are 
changing  the  battlefield,  giving  individual  soldiers,  sailors,  and  airmen  the  benefit 
of  our  global  information  leadership;  programs  that  address  affordability,  such  as 
manufacturing  and  production  technologies;  and  technologies  for  new  missions,  such 
as  counter-proliferation,  that  are  growing  in  importance. 

•  Many  of  the  technologies  we  need  lor  advanced  military  capabilities  are  avail- 
able in  the  conunercial  sector,  and  in  some  cases  they  are  more  advanced  and  cost 
less.  Through  increased  funding  for  partnerships  with  industry,  we  are  breaking 
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down  the  barriers  between  the  defense  and  commercial  industrial  sectors  so  that  we 
have  access  to  the  best  of  both  for  our  military  applications. 

•  We  can  use  American  leadership  in  international  science  and  technology  co- 
operation to  address  global  issues  such  as  proliferation  of  weapons  of  mass  destruc- 
tion, excessive  population  pressure,  food  scarcity,  environmental  degradation,  dete- 
riorating health  conditions.  These  conditions  are  incompatible  with  the  promotion 
of  stability,  economic  growth,  and  the  spread  of  democracy. 

QUESTION:  2.  What  is  the  overall  federal  R&D  budget  and  how  is  that  budget 
divided  between  civilian  and  military  activities?  Is  it  stul  the  Administration's  goal 
to  strive  for  a  50-50  split  between  civilian  and  military  R&D? 

The  President's  FY  1996  budget  proposes  $73  billion  of  spending  for  R&D.  Under 
this  budget  the  civilian  share  of  R&D  should  be  approximately  51  percent  by  1996 
if  the  estimates  account  for  so-called  "dual-use"  defense  R&D,  and  48  percent  if  they 
do  not.  The  Administration  is  still  committed  to  a  50-50  split  between  civilian  and 
military  R&D. 

Technolo^  Policy 

QUESTION:  3.  in  Congress,  we  have  had  an  ongoing  debate  about  the  appropriate 
role  of  government  in  boosting  U.S.  competitiveness.  Some  prefer  technology  grant 
programs  like  the  Commerce  Department's  Advanced  Technology  Program  and  the 
Defense  Department's  Technology  Reinvestment  Project.  Others  believe  in  a  less  intru- 
sive role  for  the  government  which  stresses  tax  cuts,  enforcement  of  existing  trade 
agreements,  tort  reform,  and  deregulation. 

QUESTION:  3.  a)  Where  do  you  stand  in  this  "industrial  policy"  debate? 

QUESTION:  3.  b)  Do  you  Believe  that  technology  grant  programs  pick  "winners 
and  losers"  or  merely  lend  high-tech  firms  a  helping  hand? 

The  term  "industrial  policy"  has  no  consistent  definition  and  we  have  not  used 
the  term  in  formulating  research  policy. 

ATP  and  TRP  are  not  "grant  programs."  They  are  industry-led,  cost-shared  part- 
nerships to  pursue  projects  that  are  competitively  selected  based  strictly  on  merit. 

The  Administration  nas  stated  repeatedly  that  technology  is  the  engine  of  eco- 
nomic growth.  The  productivity  gains  possible  only  through  innovations  are  the  pri- 
mary basis  for  gains  in  national  income,  job  creation,  national  security,  and  the 
quality  of  American  life.  The  key  to  ensuring  that  America  benefits  from  the  prom- 
ise of  new  technology  is  to  ensure  that  American  businesses  have  the  incentives 
they  need  to  conduct  research  and  invest  in  the  innovations  that  result.  We  have 
strongly  supported  reforms  that  minimize  the  burdens  of  regulation  and  ensure  an 
investment  climate  favorable  to  innovation.  Indeed,  well  crafted  regulations,  devel- 
oped with  the  assistance  of  the  businesses  regulated,  can  spur  innovations  that  con- 
tribute both  to  business  success  and  improvements  in  the  environment.  The  Admin- 
istration has  also  strongly  supports  tax  credits  for  research  and  engineering  within 
budgetary  constraints. 

Even  with  aU  of  these  programs  in  place,  however,  a  number  of  research  areas 
critical  to  the  nation's  future  will  not  be  supported  by  private  investors.  Unremitting 
competitive  pressures  have  forced  many  US  firms  to  reduce  spending  for  projects 
they  know  are  essential  for  their  long-term  profitability.  There  are  many  areas 
where  research  critical  to  the  nation's  economic  future,  or  critical  to  a  public  objec- 
tive like  environmental  quality  or  education,  cannot  be  supported  entirely  by  private 
firms  because  the  benefits  of  the  research  are  shared  widely,  and  cannot  be  cap- 
tured primarily  by  the  company  funding  the  investment. 

Federal  applied  research  programs  are  designed  to  provide  funding  only  when 
there  is  convincing  evidence  that  private  firms  can  not,  by  themselves,  undertake 
the  technical  or  financial  risks  involved.  We  have  worked  closely  with  industry  to 
develop  criteria  for  selecting  appropriate  areas  for  federal  funding  and  require  sig- 
nificant cost-sharing  to  ensure  tnat  participating  firms  are  serious  in  their  commit- 
ments. Some  concepts  prevail  in  this  process  and  others  do  not. 

In  short,  we  believe  that  a  balanced  program  is  needed  with  federal  research 
funding  providing  a  small,  but  critical  part  of  the  portfolio. 

QUESTION:  4.  The  FY95  Budgets  of  both  the  Advanced  Technology  Program  and 
the  Technology  Investment  Program  [Technology  Reinvestment  Project]  were  cut  in 
the  recent  rescission  bill.  To  what  do  you  attribute  the  Congressional  opposition  to 
these  programs? 

This  nation  has  a  history  of  investing  in  applied  research  that  dates  back  to  the 
Morrill  Act  of  1862,  which  established  the  land  grant  colleges.  The  nation  has  been 
a  world  leader  in  areas  such  as  aviation,  aerospace,  agriculture,  and  transportation 
due  to  partnerships  with  industiy;  these  partnerships  have  met  national  security, 
technological  and  economic  goals.  Technology  partnerships  such  as  the  Advanced 
Technology  Program  and  the  Technology  Reinvestment  Project  are  programs  that 
follow  in  the  historical  path  of  such  efforts. 
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However,  with  the  end  of  the  Cold  War,  there  is  a  new  debate  regarding  the  prop- 
er role  of  government.  This  debate  is  heightened  due  to  severe  pressure  to  reduce 
the  budget  deficit.  It  is  apparent,  however,  that  technology  partnerships  have  been 
brought  into  an  ideological  debate. 

This  Administration  has  strongly  supported  industry-led  partnerships  with  the 
recognition  that  given  global  conipetition,  government  and  industry  must  work  to- 
gether to  advance  technology  ana  to  realize  economic  benefits  for  the  nation.  This 
Administration  will  continue  to  invest  in  such  partnerships  to  ensure  a  growing 
economy,  high  quality  jobs  and  technological  advances. 

Coordination  of  Multiagency  Federal  Science  Programs 

QUESTION:  5.  Your  office  has  the  responsibility  for  coordinating  the  Nation's 
interagency  federal  science  programs,  many  of  which  have  annual  budgets  exceeding 
$1  billion. 

QUESTION:  5.  a)  What  are  the  major  interagency  science  programs  supported  in 
the  current  federal  budget  and  what  are  their  funding  levels? 

QUESTION:  5.  b)  What,  if  any,  changes  in  these  programs  are  made  in  the  FY96 
budget  request? 

The  following  are  selected,  major  interagency  science  and  technology  programs 
supported  in  the  current  budget: 


FY1995        FY1996         ,(,,„„„  ^h,„„„ 

estimate      proposed        '^^         '^S 


Dollar  Percent 

ihange         change 
95-96  9S-96 


($  millions) 

Technology  Learning  Challenge 328  335  +8  +2% 

Partnership  for  a  New  Generation  of  Vehicles 246  333  +87  +35% 

Construction  &  Building 141  169  +28  +20 

Physical  Infrastructure  for  Transportation  247  321  +74  +30% 

Environment  &  Natural  Resources  * 5,339  5,536  +197  +4% 

U.S.  Global  Change  Research  Program  *  2,118  2,157  +39  +2% 

High  Performance  Computing  and  Communications 1,080  1,142  +63  +6% 

*  U.S.  Global  Change  Research  Program  is  a  subset  of  the  Environment  and  Natural  Resource  initiative. 

NSTC  Technology  Learning  Challenge  (TLC):  The  TLC  is  a  partnership  with  in- 
dustrial, educational,  and  training  institutions  using  computers,  new  communication 
systems,  and  other  advanced  technologies  to  improve  the  quality,  accessibility,  and 
productivity  of  learning  experiences  for  all  Americans.  The  budget  proposes  four 
major  focus  areas  (innovative  technologies  and  demonstration  projects,  learning 
tools,  evaluation  techniques,  and  cognitive  process  research).  For  1996,  nine  agen- 
cies are  proposing  $335  million  for  this  effort.  An  Interagency  Technology  Office,  es- 
tablishea  within  the  Department  of  Education,  will  cany  out  the  initiative. 

Partnership  for  a  New  Generation  of  Vehicles  (PNGV):  The  PNGV  or  "Clean  Car" 
initiative  is  a  partnership  with  U.S.  industry  to  ensure  the  global  competitiveness 
of  the  U.S.  automobile  industry  and  its  suppliers  and  improve  environmental  qual- 
ity. It  is  structured  around  two  near-term  goals — better  manufacturing  technologies 
and  better  emissions  control  of  conventional  engines — and  a  major  long-term  goal — 
developing  an  attractive,  affordable  car  with  three  times  the  fuel  efficiency  of  today's 
vehicles. 

The  budget  proposes  investments  in  14  technologies,  targeting  most  Government 
funding  to  the  third,  long-term  goal.  Eight  agencies  participate  in  the  initiative:  the 
Departments  of  Commerce,  Defense,  Energy,  Interior  and  Transportation,  and  EPA, 
NASA,  and  NSF.  Their  combined  budget  proposal  is  $333  million  in  1996,  an  in- 
crease of  $87  million  or  35  percent  above  1995. 

NSTC  Construction  and  Building  (C&B):  A  partnership  with  U.S.  industry,  C&B 
is  designed  to  improve  the  productivity  and  safety  of  building  construction  practices 
and  the  afibrdability,  Cjuality,  and  environmental  characteristics  of  buildings.  C&B 
has  set  goals  and  priorities  in  three  broad  areas:  technology  improvements,  such  as 
information  and  decision  technologies;  non-technical  barriers  to  improvements,  such 
as  regulatory  barriers;  and  the  deployment  of  technology,  including  training  and 
demonstration  projects.  Seven  agencies  are  proposing  $169  million  in  1996,  an  in- 
crease of  $28  million  (20  percent)  over  the  1995  level. 

NSTC  Physical  Infrastructure  for  Transportation:  This  partnership  with  industry 
is  designed  to  improve  the  quality  and  lower  the  cost  of  DuUding  and  maintaining 
highways,  bridges,  ports,  rail  lines,  airports,  and  other  parts  of  the  Nation's  physical 
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transportation  infrastructure.  The  budget  provides  funds  to  expand  programs  associ- 
ated primarily  with  accelerating  R&D  on  new  materials  and  with  the  methods  of 
assessing  infrastructure  conditions.  For  1996,  five  agencies  are  proposing  $321  mil- 
lion, an  increase  of  $74  million,  or  30  percent,  over  the  1995  leveL  R&D  activities 
include  airport  security  and  pavement  technology,  and  research  and  technology  in 
highway  materials,  pavements,  and  structures. 

NSTC  Environment  and  Natural  Resources  (ENR):  The  ENR  initiative  focuses  on 
R&D  programs  associated  with  global  change,  biodiversity  and  ecosystems,  air  qual- 
ity, natural  resources  and  management,  water  resources,  coastal  and  marine  re- 
sources, toxic  substances,  hazardous  and  solid  wastes,  and  natural  disaster  reduc- 
tion. Twelve  agencies  propose  $5.5  billion  in  1996,  an  increase  of  $197  million  or 
four  percent  over  1995.  The  total  for  ENR  includes  $2.2  bill'on  for  the  U.S.  Global 
Change  Research  Program  (USGCRP). 

NSTC  High  Performance  Computing  and  Communications  (HPCC):  The  HPCC 
program  involves  nine  agencies  and  is  designed  to  ensure  U.S.  leadership  in  infor- 
mation and  communications  technologies  and  help  lay  the  technological  ibundation 
for  the  National  Information  Infrastructure  initiative.  It  supports  research  on  com- 
puter science  and  engineering,  and  the  development  of  applications  of  information 
technology  in  commerce,  manufacturing,  education,  public  safety,  health  care,  and 
other  fields.  The  budget  proposes  $1.1  billion  for  HPCC  in  1996,  an  increase  of  $63 
million  or  six  percent  over  1995. 

QUESTION:  5.  c)  How  does  your  office  coordinate  the  activities  within  each  inter- 
agency program  and  what  role  does  the  National  Science  and  Technology  Council 
play  m  that  coordination  process? 

In  order  to  confront  the  budgetary,  scientific,  and  technological  challenges  of  the 
21st  century,  the  Administration  recognized  that  significant  changes  were  needed 
in  the  way  we  plan  and  fund  Federal  R&D.  The  traditional  single-agency,  single- 
discipline  approach  to  problem  solving  must  be  supplanted  bv  a  coordinated,  multi- 
agency,  interdisciplinary  approach.  Multi-dimensional  problems  can  only  be  ad- 
dressed by  bringing  together  natural  and  social  scientists,  economists,  engineers, 
and  policymakers.  For  too  long,  science  has  been  decoupled  from  informing  policy 
decisions.  Fixing  this  discoxmect  has  been  one  of  our  highest  priorities. 

Over  the  past  two  years,  the  Administration  has  been  working  to  improve  the 
Federal  R&D  enterprise  in  many  ways.  For  the  first  time,  the  United  States  has 
a  comprehensive,  coordinated  Cabinet-level  body  devoted  to  coordinating  the  Federal 
R&D  enterprise.  In  November  1993,  the  President  created  the  National  Science  and 
Technology  Council  (NSTC).  The  principal  purpose  of  the  NSTC  is  to: 

•  identify  national  goals  that  require  concerted  R&D  efforts; 

•  identify  the  high-priority  R&D  needed  to  meet  those  goals;  and 

•  coordinate  R&D  government  wide  to  make  sure  that  adequate  attention  is  given 
to  high-priority  areas,  and  to  avoid  wasteful  duplication 

Although  each  agency,  to  accomplish  its  missions,  must  have  R&D  directed  to  its 
particular  needs,  there  are  some  commonalities  in  the  science  and  technology  needs 
of  all  the  agencies.  Put  another  way,  overarching  national  goals  typically  cross  agen- 
cy boundaries.  This  is  particularly  true  because  of  the  highly  interactive  nature  of 
research  and  development  with  its  many  feedback  mechanisms.  The  NSTC  provides 
a  structure  in  which  to  prioritize  the  many  legitimate  demands  on  the  public's  R&D 
dollar.  It  assures  a  forum  where  critical  national  needs  cannot  be  pushed  aside  by 
urgent  and  parochial  agency  needs.  It  can  sensitize  agencies  to  the  advantage  of 
symbiosis  over  isolated  pursuit  of  objectives. 

Through  its  nine  standing  committees,  the  NSTC  has  identified  R&D  priorities 
that  link  our  S&T  activities  to  critical  national  goals.  The  nine  NSTC  standing  com- 
mittees are  organized  in  the  following  principal  areas:  fundamental  science;  health, 
safety,  and  food;  environment  and  natural  resources;  information  and  communica- 
tions; national  security;  civilian  industrial  technology;  transportation;  education  and 
training;  and  international  science,  engineering  and  technology. 

Unprecedented  cooperation  among  the  member  agencies  in  1994  enabled  these 
committees  systematically  to  prepare  research  and  development  strategies  to  meet 
the  goals.  OSTP  worked  with  the  Office  of  Management  and  Budget  to  ensure  the 
priority  areas  received  adequate  attention — aU  within  a  level  R&D  budget.  The  re- 
sult is  a  coherent,  efficient  R&D  agenda. 

To  meet  the  Nation's  goals  in  the  years  ahead — and  to  continue  meeting  them  as 
the  goals  evolve — requires  that  we  set  priorities  for  R&D  now,  with  a  farsighted  vi- 
sion for  the  future  because  most  of  the  S&T  enterprise  is  inherently  a  multi-decade 
process.  Even  within  the  science  community,  it  can  take  decades  to  recognize  the 
significance  of  a  scientific  discovery.  The  NSTC  provides  the  mechanism  for  provid- 
ing the  vision  and  deriving  priorities.  By  creating  a  "virtual"  S&T  organization,  the 
NSTC  enables  the  Administration  to  maintain  a  productive  research  and  develop- 
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ment  activity  in  each  S&T-dependent  agency  while  simultaneously  achieving  the  ef- 
ficiencies of  a  cross-linked  system. 

QUESTION:  5.  d)  How  does  your  office  guard  against  duplicative  activities  within 
each  interagency  program  ana  what  procedures  does  your  office  use  to  evaluate 
whether  a  program  is  meeting  its  ^oals  and  missions? 

Encouraging  interagency  coordmation  among  the  member  agencies  of  national  re- 
search programs  is  one  of  the  principal  goals  of  the  Committees  of  the  National 
Science  and  Technology  Council  (NSTC).  The  objective  is  to  look  at  the  entire  fed- 
eral S&T  enterprise  to  maximize  the  federal  government  investment  in  S&T  and  to 
ensure  that  the  resources  are  being  applied  to  reach  national  goals.  The  Committees 
of  the  NSTC  are  responsible  for  the  planning,  development,  and  review  of  programs 
across  agencies  focused  on  common  goals.  Thev  produce  strategic  plans  that  set 
forth  each  program's  major  scientific  and  technological  objectives.  They  also  develop 
implementation  plans  that  set  forth  the  contributions  (milestones,  deliverables)  of 
each  of  the  participating  agencies'  individual  research  programs  and  projects.  Devel- 
opment of  these  strategies  and  implementation  plans  enables  agency  program  man- 
agers to  identify  both  programmatic  overlaps  (wnich  would  lead  to  duplication)  and 
gaps  (which  could  lead  to  the  inability  to  meet  scientific  program  objectives),  and 
to  effectively  redirect  resources  to  address  research  needs. 

Some  programs,  such  as  the  U.S.  Global  Change  Research  Program,  have  estab- 
lished a  working  group  structure  and  a  small  coordinating  office  to  facilitate  inter- 
agency coordination.  They  also  seek  to  establish  effective  coordination  with  related 
national  and  international  scientific  activities  at  universities  and  industry  labora- 
tories, for  example,  as  well  as  to  make  sure  that  the  research  programs  are  address- 
ing issues  of  concern  to  various  stakeholder  groups  such  as  industry,  non-govern- 
mental organizations,  state  and  local  governments,  and  the  Congress. 

Specific  activities  of  the  Committees  include:  (1)  initiating  scientific  planning  ef- 
forts as  required;  (2)  tracking  program  progress,  identifying  problems  or  gaps  and 
recommending  solutions;  (3)  developing,  reviewing  and  disseminating  information 
products  that  describe  program  goals  and  accomplishments;  (4)  complying  with  any 
statutory  requirements,  such  as  the  development  and  routine  revision  of  a  ten-year 
research  plan;  and  (5)  ensuring  consistent,  interagency  compliance  with  Executive 
Branch  directives  and  requirements  such  as  the  annual  OMB  budget  crosscut  and 
regular  reports  to  NSTC  and  OSTP. 

FY1996  R&D  budget  guidelines  established  by  the  Directors  of  the  Office  of 
Science  and  Technology  Policy  and  the  Office  of  Management  and  Budget  in  May 
of  1994  included  broad^policy  principle,  goals,  priorities  and  evaluation  criteria.  The 
R&D  evaluation  criteria  were  established  to  evaluate  the  appropriateness  of  inter- 
agency NSTC  programs  identified  by  agencies.  These  criteria  include:  technical/sci- 
entific merit,  relevance/contribution,  knowledge  diffusion,  readiness,  timeliness, 
linkages,  costs,  and  agency  approval. 

Privatization 

QUESTION:  6.  Across  the  federal  government,  Congress  is  seeking  to  identify  pro- 
grams that  might  be  more  cost-effectively  performed  by  the  private  sector.  In  some 
areas,  the  private  sector  may  be  able  to  provide  better  service  at  less  cost  to  the  tax- 
payer. 

QUESTION:  6.  a)  What  are  your  views  on  proposals  to  privatize  certain  govern- 
ment activities  like  the  Space  Shuttle  and  other  federal  R&D  programs? 

Not  enough  information  is  presently  available  to  fully  assess  privatization  of  the 
Shuttle  program.  However,  as  restructuring  options  are  formulated  and  assessed, 
the  possibility  of  privatization  is  being  considered.  Among  these  is  an  option  to  tran- 
sition Shuttle  operations  to  a  single  prime  contractor.  The  options  focus  on  review- 
ing the  Program  requirements  and  management  structure  in  light  of  the  increasing 
maturity  of  Shuttle  operations  and  the  fact  that  most  of  the  hardware  upgrades  de- 
velopment will  be  completed  by  fiscal  year  1998.  Options  include  elements  of  civil 
servant  down-sizing,  safety  and  mission  assurance  reallocation,  transition  of  oper- 
ational responsibilities  to  contractors  and  consolidation  of  activities  with  the  Space 
Station  Program.  The  transition  timing  from  today's  program  structure  to  a  new 
structure  will  be  key  to  its  success.  A  working  group  has  been  formed  to  review  and 
integrate  the  findings  and  recommendations  of  all  the  reviews  and  studies  associ- 
ated with  restructuring  the  Space  Shuttle  Program.  The  results  of  this  effort  are 
expected  in  the  late-May  time  irame. 

QUESTION:  6.  b)  Is  the  Administration  considering  any  government-wide  study 
of  which  federal  R&D  programs  might  be  privatized? 

The  Administration  is  looking  at  this  question  in  all  areas,  including  R&D,  as 
part  of  the  National  Performance  Review  -  Phase  II.  In  a  memorandum  to  federal 
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agencies  in  January,  1995,  the  Vice  President  asked  for  examination  of  the  basic 
missions  of  government,  looking  at  every  single  government  program  and  agency  to 
find  and  eliminate  things  that  don't  need  to  he  done  by  the  federal  government.  The 
Vice  President  asked  the  agencies  to  examine  if  the  agency  were  eliminated,  how 
would  the  goals  or  programs  be  undertaken — by  other  agencies,  by  states  or  local- 
ities, by  the  private  sector,  or  not  at  all? 

Space  Station  /  Space 

QUESTION:  7.  a)  What  is  the  current  status  of  this  (Russian  and  European  fund- 
ing commitment)  situation? 

As  a  result  of  the  Space  Station  Redesign  eflbrt  and  the  decision  to  invite  Russia 
to  join  the  program  in  1993,  as  well  as  shrinking  space  budgets  in  Europe,  Euro- 
pean participants  asked  ESA  to  reassess  its  contnoution  to  the  program.  TTiis  reas- 
sessment was  conducted  throughout  1994,  and  during  its  March  22-24,  1995,  Coun- 
cil meeting,  ESA  could  not  reach  firm  agreement  on  mnding  for  its  anticipated  con- 
tribution to  the  international  Space  Station  pro-am.  This  contribution  consists  of 
the  Columbus  Orbital  Facility  (COF),  a  pressurized  laboratory,  and  the  Ariane-5/ 
Automated  Transfer  Vehicle  (ATV),  a  vehicle  for  the  transport  of  pressurized  and 
unpressurized  logistics. 

la  anticipation  of  the  March  ESA  Council  meeting,  the  White  House  and  the  Con- 
gress engaged  their  respective  counterparts  regarding  European  participation  in  the 
grogram.  Each  reafiirmed  the  United  States  support  for  the  international  Space 
tation,  and  conveyed  the  importance  of  a  continued  European  role  in  the  program 
through  the  provision  of  the  COF,  as  the  highest  priority  European  contribution, 
and  the  Ariane-5/ATV. 

The  present  uncertainty  surrounding  the  European  commitment  to  the  program 
involves  the  extent  to  which  individual  European  participants  wUl  financially  sup- 
port the  ESA  package.  The  big  four  member  states  of  ESA  (Germany,  France,  Italy, 
and  Belgium)  nave  separately  conveyed,  at  executive  and  agency  levels,  their  sup- 
port for  a  continued  European  role  in  the  program;  however,  they  face  budget  envi- 
ronments similar  to  that  of  the  United  States.  In  addition,  the  interplay  of  nine  dif- 
ference budget  cycles  adds  an  additional  challenge,  as  budget  decisions  are  on  dif- 
ferent timetables  for  each  country. 

For  this  reason,  ESA  did  not  secure  complete  financial  and  legal  endorsement  of 
its  Space  Station  elements  at  the  March  Council.  However,  the  United  States  is 
hopenil  that  ESA  will  achieve  European  consensus  on  its  Space  Station  contribution 
later  this  year.  The  financial  and  legal  endorsement  is  expected  to  follow  in  October 
at  the  ESA  Ministerial-level  meeting. 

Recent  French  presidential  elections  brought  in  a  new  administration  which  may 
require  transition  time.  The  French  government  has  said  it  should  have  a  position 
develojjed  by  autumn,  which  seems  a  reasonable  schedule  from  their  point  of  view. 
France  and  the  European  partners  have  individually  signalled  their  continued  de- 
sire to  participate  in  tne  Space  Station  program,  but  the  financial  level  of  each  coun- 
try's commitment  has  yet  to  be  finalized.  NASA  is  working  closely  with  ESA  in  its 
efiort  to  obtain  the  necessary  member  nation  consensus  in  that  regard. 

NASA  is  also  confident  its  Russian  partner  will  live  up  to  its  commitments  on  the 
program.  This  confidence  is  based  on  Russia's  known  technical  capabilities,  on  sig- 
nificant progress  in  developing  effective  working  relationships,  and  on  demonstrated 
successes  in  our  joint  activities  to  date. 

Since  October  1992,  when  NASA  and  the  Russian  Space  Agency  (RSA)  signed  the 
first  agreement  on  human  space  flight,  expectations  nave  been  backed  up  by  real 
achievements.  In  this  short  time,  two  Russian  cosmonauts  have  flown  on  board  the 
U.S.  Space  Shuttle,  and  NASA  astronauts  have  been  in  training  in  Russia  for  over 
a  year.  Most  recently.  Astronaut  Norm  Thagard  became  the  first  American  to  fly 
on  board  a  Russian  spacecraft,  and  at  this  moment  he  is  carrying  out  duties  as  a 
crew  member  on  the  Mir  space  station. 

Russia  is  also  living  up  to  its  commitments  on  the  international  Space  Station. 
Nearly  85  per  cent  of  the  design  drawings  for  the  Functional  Cargo  Block,  the  first 
element  of  the  station  to  be  launched  into  orbit,  are  already  complete.  Coordination 
between  NASA,  RSA,  and  Russian  subcontractors  has  grown  steadily,  with  frequent 
meetings  and  teleconferences  between  managers  and  technical  experts  at  the  work- 
ing level,  as  well  as  regular  reviews  for  senior  management. 

Russia  is  clearly  going  through  a  difficult  period  as  it  continues  to  move  toward 
a  market  economy  and  to  develop  and  strengthen  democratic  institutions.  The  Rus- 
sian government,  including  President  Yeltsin  and  Premier  Chernomyrdin,  has  dem- 
onstrated strong  support  for  the  space  program.  We  see  no  indications  that  this  sup- 
port is  lessening. 
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QUESTION:  7.  b)  What  are  the  consequences  for  Space  Station  in  the  event  of  ei- 
ther the  Russians  or  the  Europeans  pulling  out  of  the  program? 

The  likelihood  of  either  the  Russians  or  Europeans  withdrawing  from  the  Space 
Station  program  is  small.  Nevertheless,  neither  Russia  nor  ESA  is  on  the  critical 
path  to  Station  mission  success.  In  the  case  of  the  Europeans,  the  United  States 
would  lose  some  research  capability  in  the  event  of  their  withdrawal.  The  agreement 
with  ESA  allocates  nearly  50  percent  of  the  European  lab  research  capability  to  the 
United  States.  While  elimination  of  European  participation  would  require  reconfig- 
uration of  Space  Station  elements  and  assembly  sequences,  it  would  not  preclude 
the  United  States  from  going  forward  with  the  program. 

A  two-tier  strategy  has  been  developed  to  deal  with  the  issue  of  Russian  with- 
drawal from  the  program.  The  first  instance  deals  with  a  situation  in  which  Russia 
withdraws  formal  government  participation,  but  Russian  contractors  are  still  avail- 
able to  NASA  as  contractors.  The  second  scenario  assumes  complete  inaccessibility 
to  Russian  resources,  in  which  case  NASA  would  be  required  to  find  alternate  con- 
tractors for  the  Russian-provided  hardware.  Among  these,  the  most  critical  would 
be  the  Functional  Cargo  Block.  Although  this  element  is  well  within  the  technical 
capability  of  the  U.S.  aerospace  industry,  it  would  be  a  long-lead-time  procurement. 

QUESTION:  7.  c)  Do  you  believe  the  Russian  involvement  in  Space  Station  pro- 
duces net  benefits  for  the  program  and  the  Nation? 

Russian  participation  is  a  thoroughly  positive  element  of  the  Space  Stationpro- 
gram  which  produces  significant  benefits  for  the  program  and  tne  Nation.  Their 
partnership  saves  the  iTS.  some  $2  billion  in  assembly  costs;  produces  a  Station 
that  has  more  volume,  a  larger  crew,  more  power,  and  comes  on  line  earlier  than 
the  previous  design;  and  takes  advantage  of  the  Russian  knowledge  base  of  years 
of  operations  experience.  Moreover,  this  concept  helps  promote  the  democratization 
of  Russia,  stimulates  its  market  economy,  and  facilitates  Russia's  entry  into  the 
world's  family  of  free  nations. 

QUESTION:  8.  One  of  the  primary  reasons  the  U.S.  agreed  to  Russian  participa- 
tion in  the  Space  Station  program  was  to  discourage  the  sale  of  sensitive  technologies 
to  unfriendly  nations.  However,  we  understand  the  Russians  are  seeking  to  sell  nu- 
clear technology  to  Iran.  How  would  you  respond  to  this? 

Space  station  cooperation  is  a  major  element  in  encouraging  Russia's  cooperative 
engagement  with  the  world's  family  of  free  nations.  We  have  undertaken  that  co- 
operation because  it  is  in  our  mutual  interest.  Also,  Russia  has  made  important 
commitments  related  to  avoiding  proliferation  of  missile  capabilities.  Russia's  dis- 
cussion with  Iran  regarding  the  transfer  of  nuclear  power-generating  reactors  is  a 
matter  of  great  concern  to  us,  but  it  is  a  separate  matter.  We  have  made  our  con- 
cerns clear  to  Russia,  including  at  the  May  Summit.  The  Russians  have  agreed  to 
continue  discussing  the  potential  proliferation  implications  of  such  supply,  and  we 
hope  to  persuade  Russia  that  the  sale  should  not  go  forward. 

QUESTION:  9.  NASA's  Mission  to  Planet  Earth  and  the  multiagency  global 
change  research  program  are  aimed  at  providing  the  answers  to  difficult  environ- 
mental problems.  After  the  global  change  satellites  are  launched,  what  information 
will  they  provide  and  how  will  that  information  benefit  the  average  taxpayer? 

The  goal  of  the  U.S.  Global  Change  Research  Program  (GCRP),  which  includes 
NASA's  Mission  to  Planet  Earth  (MTPE),  is  to  provide  the  scientific  and  technical 
information  that  will  allow  us  to  protect  the  environment  and  human  health,  while 
realizing  economic  growth,  job  creation,  and  enhanced  national  security.  The  knowl- 
edge generated  from  these  programs  will  be  used  to  assess  the  impact  of  human  ac- 
tivities on  the  environment;  the  consequences  for  human  health,  ecological  systems, 
and  socio-economic  sectors  including  agriculture,  forestry,  fisheries,  and  water  re- 
sources; and  the  efiectiveness  of  various  adaptation  and  mitigation  strategies.  These 
programs  will  provide  governments  and  the  private  sector  the  scientific  basis  re- 
quired for  informed,  equitable  and  cost-effective  national  and  international  policy 
formulation  on  a  variety  of  issues  including  climate  change,  ozone  depletion  and 
land-use.  For  example,  farmers,  foresters,  water  and  natural  resource  managers, 
and  state  and  local  governments  will  be  able  to  use  this  information  to  devise  strat- 
egies that  will  allow  them  to  become  more  resilient  to  natural  climate  variability 
(e.g.,  floods,  droughts,  and  heat  waves)  and  extreme  events  (hurricanes,  tornadoes 
and  cyclones),  and  wiU  allow  them  to  devise  strategies  for  mitigating  or  adapting 
to  human-induced  changes  in  climate. 

NASA  is  already  gathering  significant  amounts  of  data  from  Upper  Atmosphere 
Research  Satellite  (UARS),  Ocean  Topography  Experiment  (TOPEXj/Poseidon,  Laser 
Geodynamics  Satellite  (LAGEOS),  Total  Ozone  Mapping  Spectrometer  (TOMS)/Me- 
teor-3,  and  Earth  Radiation  Budget  Satellite  (ERBS)  about  the  Earth's  upper  atmos- 
phere, atmospheric  ozone,  oceans,  radiation  budget,  and  crustal  dynamics.  Over  the 
next  three  years,  a  variety  of  additional  satellites  will  be  launched  by  NASA  and 
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it8  partner  agencies  in  MTPE  that  will  provide  additional  data  about  ocean  circula- 
tion, ocean  producti^qty,  weather,  atmospheric  ozone,  lightning,  and  tropical  rainfall 
patterns.  Beginning  in  1998,  the  Earth  Observing  System  (EOS)  satellites  will  pro- 
vide long-term  measurements  on  an  unprecedented  number  of  Earth  system  param- 
eters. Data  from  these  satellites  are  used  in  conjunction  with  data  from  in  situ 
measurement  sites  and  field  campai^s  by  scientists  supported  by  NASA  and  other 
GCRP  agencies.  The  research  eflbrt  is  aimed  at  developing  an  understanding  of  the 
causes  and  mechanisms  of  change  through  studies  of  Earth  system  processes,  devel- 
oping a  predictive  capability  through  modelling  and  analysis  of  the  components  of 
the  Earth  system  ana  their  interactions,  determining  the  consequences  of  change, 
and  assessing  the  eflectiveness  of  mitigation  and  adaptation  options. 

In  addition  to  the  btisic  science  and  research  conducted  within  MTPE  and  the 
GCRP,  several  programs  are  under  way  to  bring  the  benefits  of  research  and  use 
of  NASA's  satellite  data  to  the  state  and  local  level.  MTPE  is  developing  an  infra- 
structure throurfi  the  Earth  Observing  System  Data  and  Information  System 
(EOSDIS)  to  make  Earth  science  information  more  accessible  to  the  public.  For  in- 
stance, the  Earth  Resources  Observation  System  (EROS)  Data  Center  in  Sioux 
Falls,  SD  provides  users  with  land  processes  imagery  that  has  the  potential  to  be 
translated  into  valuable  applications.  We  are  encouraging  private  industry  and 
state/local  governments  to  transform  this  basic  Earth  science  information  available 
from  EROS  and  other  NASA  Distributed  Active  Archive  Centers  (DAACs)  into  value 
added  products  that  meet  the  needs  of  their  defined  user  community.  In  the  Plains 
states,  such  as  the  Dakotas,  this  data  will  be  especially  useful  for  farmers  and 
ranchers.  This  undertaking  by  NASA  and  other  federal  agencies  in  the  GCRP  is 
part  of  an  overall  effort  to  examine  the  best  way  to  establish  government,  academic, 
and  commercial  partnerships  to  extend  the  utilization  of  global  change  data  to  non- 
research  user  communities  such  as  education,  agriculture,  state  and  local  planning, 
adjudication,  transportation,  and  emergency  management. 

QUESTION:  9.  a)  What  are  some  of  the  applications  of  the  data  which  would  be 
relevant  to  the  agricultural  community? 

One  example  of  this  is  a  project  to  utilize  space-based  remote  sensing  to  provide 
information  to  the  agricultural  community  on  the  extent  and  status  of  specific  crops 
and  thus  enable  them  to  estimate  aquiier  use  rates.  Additionally,  the  MTPE  and 
GCRP  climate  modeling  and  prediction  research  will  lead  to  greater  accuracy  in 
long-term  weather  forecasting,  which  will  be  of  great  benefit  to  tne  agriculture  com- 
munity. We  have  developed  the  ability  to  monitor  and  forecast  El  Nino  events  and 
their  consequences.  We  expect  that  these  forecasts  will  become  a  routine  operational 
product  that  supports  eflective  decisionmaking  in  crop  selection,  planting  and  har- 
vesting, and  investment  decisions  in  the  agricultural  sector,  as  well  as  nelping  to 
mitigate  the  effects  of  extreme  weather  events  such  as  droughts  and  floods.  In  lact, 
research  data  are  already  being  put  topractical  use;  NASA  has  established  it's  first 
cooperative  arrangement  with  a  local  TV  weather  station  to  use  NASA's  data  avail- 
able over  the  Internet  as  part  of  their  daily  broadcasts. 

QUESTION:  10.  South  Dakota  is  very  proud  that,  for  the  last  20  years,  the  EROS 
data  center  in  Sioux  Falls  has  archived  Earth  imagery  from  the  nation's  Landsat 
satellites.  What  do  you  see  as  the  future  of  the  Landsat  program,  and  what  role  will 
Landsat  play  in  the  growing  commercial  remote  sensing  market? 

Landsat  has  been  and  will  continue  to  be  a  critical  part  of  the  nation's  remote 
sensing  satellite  program.  Landsat  data  provides  invaluable  information  for  national 
security  and  the  scientific  community,  e.g.,  for  understanding  global  climate  change, 
while  also  producing  a  wealth  of  data  for  farmers,  foresters,  land  use  and  resource 
planners,  and  local  and  state  governments.  The  Administration  is  committed  to  con- 
tinuiiig  Landsat-type  measurements. 

NASA  is  developing  the  Landsat  7  satellite,  planned  for  launch  in  1998.  Per  direc- 
tion from  Presicfent  Clinton,  Landsat  7  spacecraft  development  responsibility 
transitioned  from  DoD  to  NASA  in  the  spring  of  1994.  NASA  is  leading  the  develop- 
ment of  the  ground  system,  which  is  funded  lointly  by  NASA  and  NOAA.  NOAA  will 
be  responsible  for  Landsat  7  operations  and  USGS  will  be  responsible  for  data  archi- 
val and  distribution.  Together,  these  agencies  comprise  Landsat  Program  Manage- 
ment (LPM).  A  joint  Management  Plan  for  the  Landsat  Program  was  signed  in  Au- 
gust, 1994,  and  the  Data  Policy  Plan  was  signed  in  mid-April,  1995,  by  all  three 
LPM  agencies.  Current  plans  call  for  unenhanced  data  from  Landsat  7  to  be  priced 
in  accordance  with  0MB  Circular  A-130,  i.e.,  at  the  cost  of  filling  the  user  request. 

Landsat  makes  an  important  contribution  to  the  promotion  oithe  growing  com- 
mercial market  for  remote  sensing  data.  The  provision  of  Landsat  system 
unenhanced  data  at  the  cost  of  fulfilling  user  requests  meets  public-benefit  research 
needs,  and  at  the  same  time  removes  a  "high  cost  of  market  entry"  barrier  for  new 
commercial  firms.  This  opens  the  door  for  "value-added"  firms  to  process  the  data 
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to  produce  images  with  substantial  commercial  value.  The  "business  end"  of  the  re- 
mote sensing  industry  is  in  the  tailoring  of  imagery  products  to  the  needs  of  a  wide 
variety  of  users  in  the  agricultural,  resource  management,  urban  planning,  and 
other  industries. 

To  prepare  for  the  future,  one  of  the  decisions  made  in  NASA's  1994  rebaselining 
of  the  Earth  Observing  System  (EOS)  program  was  that  Landsat  measurements  will 
be  incorporated  into  EOS.  A  Landsat  Advanced  Technology  Instrument  (LATI)  is 
tentatively  scheduled  to  fly  as  part  of  the  second  flight  of  the  EOS-AM  series  of 
measurements  (planned  for  launch  in  2004).  This  instrument  will  incorporate  im- 

f)rovements  in  remote  sensing  technology  while  maintaining  continuity  with  data 
rom  earlier  Landsat  missions.  The  synergy  of  making  measurements  at  the  same 
time  as  other  EOS-AM  instruments  wiU  omy  make  the  Landsat-type  data  more  val- 
uable. 

A  number  of  exciting  and  innovative  efforts  are  underway  that  will  influence  the 
design  and  capability  of  land  remote  sensing  systems  for  both  government  and  in- 
dustry. The  work  at  NASA  on  the  Lewis  and  Clark  missions — which  both  feature 
small,  cutting-edge,  high  resolution  ima^ng  instruments — will  help  advance  the 
state  of  imaging  technology  and  bolster  private  secter  capability  in  this  field. 

Such  improvements — as  well  as  those  possible  through  NASA's  proposed  New  Mil- 
lennium program — will  not  only  contribute  to  the  planning  for  LATI,  they  will  also 
stimulate  the  growing  applications  industry  for  Landsat  and  other  remote  sensing 
data. 

National  Labs 

QUESTION:  11.  The  federal  budget  supports  a  system  of  700  national  laboratories, 
many  of  which  are  pursuing  outdated  Cold  War  missions. 

QUESTION:  11.  a)  What  can  we  do  to  make  these  labs  more  relevant  to  U.S.  com- 
petitiveness and  other  national  strategic  needs? 

The  three  largest  Federal  laboratoiy  systems,  those  of  the  Department  of  Defense, 
the  Department  of  Energy,  and  the  National  Aeronautics  and  Space  Administration, 
account  for  at  least  three-quarters  of  what  the  Federal  (government  spends  in  its 
laboratories.  These  three  systems  were  each  reviewed  individually  over  the  past 
year  or  two,  and  they  are  the  subject  of  an  interagency  review  by  the  National 
Science  and  Technology  Council  that  is  virtually  complete  but  not  yet  published. 
The  individual  reviews  concluded  that  each  agency's  laboratory  systems  are  able  to 
meet  important  national  needs  of  the  post-Cold  War  era.  The  DOD  labs  are  aimed 
primarily  at  meeting  national  security  needs.  DOE  labs  have  important  missions  in 
basic  and  applied  energy  research,  national  security,  environmental  science  and 
technology,  and  fundamental  science.  NASA  Centers  meet  national  needs  in  aero- 
space, science,  engineering,  and  technology,  and  astronomy,  astrophysics,  and  earth 
sciences. 

For  example,  NASA's  four  aeronautical  Research  Centers  conduct  research  and 
technology  activities  to  address  key  national  requirements  related  to  aviation  safety, 
environmental  compatibility,  and  air  transportation  infrastructure  capacity  and  pro- 
ductivity. In  addition,  these  Centers  conduct  longer-term,  higher-risk  research  in 
basic  aeronautical  technologies  to  help  keep  the  United  States  competitive  in  aero- 
nautics and  aviation.  NASA's  Research  Centers  also  provide  critical  research  infra- 
structure— wind  tunnels,  computers  and  simulators,  research  aircraft,  and  propul- 
sion test  facilities — to  a  range  of  government,  industry,  and  university  users.  All  of 
these  activities  are  conducted  in  close  coof)eration  with  NASA's  government,  indus- 
try and  academic  customers  and  partners  to  ensure  that  highest-priority  require- 
ments are  being  addressed  in  the  most  cost-eflective  manner. 

These  laboratories  also  have  some  very  important  special  capabilities  in  fun- 
damental science.  The  DOE  labs  possess  large  facilities — mostly  too  large  for  univer- 
sities or  industry — that  support  basic  research  in  physics,  chemistry,  materials 
science,  and  certain  areas  oi  biology  and  earth  science.  NASA  conducts  some  re- 
sesirch  in  astronomy,  astrophysics,  and  the  Earth  environmental  system,  that  de- 

gend  entirely  on  NASA  facilities,  such  as  the  Hubble  Space  Telescope.  Most  of 
lOD's  support  for  science  goes  to  universities,  but  some  research  that  is  especially 
relevant  to  defense,  or  requires  large  facilities,  is  done  in  DOD  labs.  All  three  agen- 
cies support  university  science,  though  DOE  spends  a  larger  proportion  of  its  science 
funding  in  house  than  the  others  do.  In  a  time  of  tighter  Duagets,  all  three  may 
need  to  guard  against  a  natural  institutional  tendency  to  preserve  science  activities 
in  house. 

QUESTION:  11.  b)  Do  you  agree  with  the  recommendation  of  the  recent  "Galvin" 
report  that  the  labs  need  to  be  S-amatically  restructured  along  the  lines  of  a  corpora- 
tion? 
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We  agree  with  the  conclusion  of  the  Galvin  Task  Force  that  governance  by  the 
Department  of  Energy  of  its  major  laboratories  is  broken  and  must  be  repaired.  The 
government-owned,  contractor-operated  system  that  once  offered  flexibility  and  free- 
dom from  red  tape  has  become  so  burdened  with  orders,  directives,  audits  and  re- 
views that  the  labs'  scientific  work  is  suffering  severely. 

We  agree  with  the  diagnosis.  While  the  prescription — ^to  "corporatize"  the  labs — 
has  an  inunediate  appeal,  it  tdso  raises  significant  concerns.  It  would  seem  to  re- 
quire that  Congress  cede  a  substantial  measure  of  authority  over  federal  R&D 
spending  and  a  loss  of  accountability  for  public  funds. 

Another  approach — one  that  the  Galvin  Task  Force  recommended  as  an  alter- 
native— is  aggressive  action  by  DOE  to  put  its  house  in  order.  And  in  fact,  DOE  is 
drastically  reducing  and  simplifying  oraers  and  directives  to  its  laboratories,  and 
limiting  its  own  reviews  and  audits  of  the  labs.  DOE  is  also  reinventing  itself  as 
an  agency,  removing  layers  of  management  and  improving  efficiency. 

In  addition,  a  new  Laboratory  Operations  Board,  composed  of  senior  department 
officials  and  distinguished  private  sector  advisors,  will  provide  high-level  strategic 
direction  for  the  labs;  develop  a  mission  statement  for  the  lab  system  and  tightly 
focused  missions  for  each  lab;  and  monitor  the  department's  progress  in  lifting  bu- 
reaucratic burdens  from  the  labs.  The  result  should  be  greater  efficiency,  less  waste- 
ful duplication,  and  a  focus  by  each  lab  on  work  that  exploits  its  best  capabilities 
and  contributes  to  post-Cold  War  national  needs. 

Joint  Industry-Government  Research 

QUESTION:  12.  One  way  to  cut  federal  spending  is  to  encourage  industry  to  en- 
gage in  more  joint  R&D  with  the  federal  government. 

QUESTION:  12.  a)  What  are  your  views  about  the  importance  of  Joint  research, 
particularly  research  performed  under  Cooperative  Research  and  Development  Agree- 
ments? 

The  accelerating  pace  of  technological  advance,  ever  shorter  product  cycles,  and 
rapid  worldwide  diffusion  of  technologies  mean  that  many  companies  are  finding  in- 
vestment in  risky  or  lower  yield  research  and  development  less  attractive  than  in 
the  past.  This  means  that  government  research  and  development  partnerships  with 
industry  in  growth-enhancing  technologies  are  more  important  than  ever.  Without 
government  programs  that  snare  the  risk  at  the  pre-commercial  stage,  individual 
companies  are  reluctant  to  take  the  plunge,  especially  when  a  substantial  fraction 
of  the  total  return  may  not  be  captured  by  the  individual  investing  company. 

The  problem  of  capturing  private  returns  on  pre-commercial  research  and  develop- 
ment investments  is  especially  great  in  widely  dispersed  and  fragmented  industries 
such  as  agriculture  or  building  and  construction.  Ii  government  fails  to  support  tech- 
nology advances  in  these  industries,  at  least  on  a  cost-shared  basis,  it  will  not  get 
done,  or  it  will  be  done  by  international  competitors. 

CRADAs  are  cost-shared  with  the  private  partners  and  projects  are  proposed  by 
industry.  Unlike  other  partnership  programs,  the  Federal  labs  contribute  expertise 
and  technology  but  do  not  provide  funds  to  the  non-Federal  party.  Rights  to  intellec- 
tual property  are  negotiated  between  the  laboratory  and  the  participant,  and  certain 
sensitive  information  important  to  industrial  partners  is  protected  from  public  dis- 
semination for  up  to  five  years. 

Since  the  CRADA  mechanism  was  introduced,  it  has  rapidly  become  the  primary 
mode  of  industry-driven  cooperative  technology  development  with  federal  labs. 
Agencies  had  a  combined  total  of  over  5,000  CRADAs,  valued  at  $3.8  billion,  at  the 
end  of  1994. 

QUESTION:  12.  b)What  is  your  evaluation  of  current  joint  research  being  done 
and  what  are  some  of  the  more  promising  joint  research  projects  underway? 

The  Advanced  Technology  Program,  or  ATP,  which  is  run  by  the  National  Insti- 
tute of  Standards  and  Technology  (NIST)  in  the  Department  of  Commerce,  is  a  flag- 
ship technology  partnership  program.  ATP  invests  in  pre-commercial  technologies 
important  to  national  technological  goals  and  economic  growth.  It  is  an  industry-led, 
merit-based,  and  cost-shared  program,  assuring  that  projects  have  real  commercial 
potential.  Selection  of  projects  is  merit  based;  it  is  rigorously  competitive — another 
reason  for  ATPs  fine  reputation  among  business  people  who  know  it  best.  Half  of 
ATP  awards  go  to  small  businesses,  or  teams  led  by  small  firms.  The  awards  that 
go  to  larger  firms  are  usually  for  new  approaches  that,  however  interesting,  don't 
meet  corporate  management  criteria  for  selection  and  support,  but  have  the  poten- 
tial for  significant  and  widespread  economic  benefits  down  the  road. 

Government  partnership  is  also  critical  in  developing  technologies  where  the  ben- 
efits are  as  much  social — for  health,  education,  or  tne  environment — as  commercial. 
The  Partnership  for  a  Next  Generation  of  Vehicles  (also  known  as  Clean  Car)  was 
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designed  to  tackle  tin  extremely  tough  technical  challenge — to  develop  within  ten 
years  a  production  prototype  car  with  three  times  the  efiiciency  of  today's  auto- 
mobiles, with  no  sacrifice  in  cost,  comfort,  or  safety.  The  payoff  would  be  enormous 
and  would  include  lower  emissions  of  greenhouse  gases,  less  dependence  on  foreign 
oil,  and  an  extremely  attractive  car  for  world  markets  in  the  21st  century — a  car 
that  is  made  in  the  USA  by  a  thriving  American  auto  industry. 

The  Technology  Reinvestment  Project  (TRP)  at  the  Department  of  Defense  is  a 
dual-use  program.  Its  mission  is  to  exploit  commercial  technology  and  commercial 
maricets  to  meet  defense  needs.  Like  ATP,  its  projects  are  cost-shared,  industry-led, 
and  competitively  selected  strictly  on  the  basis  of  merit.  But  unlike  ATP,  its  primary 
aim  is  to  meet  defense  needs  through  the  development  of  dual-use  technologies. 

Some  TRP  projects  are  designed  to  propel  the  commercial  development  of  tech- 
nologies critical  to  the  military,  since  low-cost  commercial  manufacturing  practices 
and  economies  of  scale  from  large-scale  commercial  production  will  make  those  tech- 
nologies more  affordable  to  the  military.  Other  projects  are  intended  to  spin  off  de- 
fense technologies  to  commercial  applications — and  then  take  advantage  of  the 
lower  costs  and  faster  pace  of  commercial  production  for  subsequent  purchases  by 
DOD. 

This  is  not  just  a  hypothetical  possibility — it  is  already  happening  with  some  mili- 
tary-based technologies.  For  example,  the  same  MIMIC-based  technology  that  the 
Air  Force  uses  for  its  newest  phased-array  radar  for  fighter  airplanes  is  the  basis 
for  a  warning  system  on  school  buses.  The  FOREWARN  system  has  already  saved 
the  life  of  at  least  one  little  boy.  He  was  diving  for  his  backpack  under  the  wheels 
of  the  school  bus,  where  the  driver  couldn't  see  him,  when  the  system's  alarm 
sounded  and  its  display  screen  showed  his  location.  The  FOREWARN  system  is  the 
product  of  a  joint  venture  of  Delco  Electronics  and  Hughes  Aircraft,  and  it  is  made 
on  the  same  production  line  as  the  military  system  on  which  it  was  originally  based. 
For  the  military,  the  benefit  translates  to  substantially  reduced  costs,  and  tne  pros- 
pect for  further  reductions.  On  the  civilian  side,  the  benefit  is  access  to  a  life-saving 
technology  for  school  children  and,  in  the  future,  safety  devices  for  cars. 

One  oithe  great  benefits  of  both  ATP  and  TRP  is  the  teaming  they  have  encour- 
aged, between  customer  and  supplier  firms;  between  private  firms,  universities  and 
public  or  non-profit  laboratories.  In  fact,  some  teams  that  continued  as  partners  in 
cooperative  R&D  despite  the  fact  that  they  failed  to  win  an  award.  Writing  the  pro- 
posal opened  their  eyes  to  the  benefits  of  cooperation. 

QUESTION:  12.  c)How  can  we  encourage  more  private  companies  to  enter  into 
joint  research  arrangements  with  the  federal  government? 

One  way  to  encourage  more  joint  research  with  private  companies  is  to  apply  our 
streamlimng  and  reinvention  principles  to  the  CRADA  process.  The  number  of 
CRADAs  approved  has  risen  steeply  since  1993,  reflecting  our  initial  efforts  to  sim- 
plify and  improve  the  process  by  which  these  agreements  are  made.  In  addition  to 
developing  model,  modular  CRADAs  with  preapproved  terms  and  conditions  (easing 
the  burden  on  researchers  and  ensuring  a  certain  level  of  consistency  and  fairness 
in  the  agreements),  the  Administration's  continuing  efforts  include:  making  it  easier 
for  industry  to  find  the  right  technical  capabilities  throughout  the  federal  complex; 
working  with  industry  sectors  to  define  partnerships  that  address  their  most  impor- 
tant common  problems;  developing  better  metrics  to  measure  the  outcomes  of 
CRADAs;  and  continuing  to  streamline  and  ensure  consistency  in  the  CRADA  proc- 


SENATOR  BURNS  QUESTIONS 

General  Policy 

QUESTION:  1.  What  are  the  most  important  science  and  technology  policy  issues 
facing  OSTP  today  and  how  are  you  addressing  them? 

The  critical  challenge  for  the  federal  science  and  technology  enterprise  is  to  reori- 
ent it  beyond  the  Cold  War,  ensuring  that  federal  investments  meet  national  needs. 
Science  and  technology  are  high-leverage  investments  in  America's  present  and  fu- 
ture. This  Administration  believes  that  investments  in  S&T  should  contribute  to  a 
growing  economy  with  more  high-skill,  high-wage  jobs  for  American  workers;  a 
cleaner  environment  where  energy  efficiency,  information  technology,  and  advanced 
science  and  engineering  help  increase  profits  and  reduce  pollution;  better  access  to 
good  health  care;  a  strong  national  security;  greater  capability  to  respond  to  chal- 
lenging global  problems;  a  stronger,  more  competitive  private  sector  able  to  main- 
tain U.S.  leadership  in  critical  world  markets;  an  educational  system  where  every 
student  is  challenged  to  prepare  for  a  new  global  economy;  and  an  inspired  scientific 
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and  technological  research  community  focused  on  ensuring  not  only  our  national  se- 
curity but  an  improved  quality  of  life  for  ourselves  and  our  children. 

The  Office  of  Science  and  Technology  Policy  advances  the  Administration's  goals 
through  the  National  Science  and  Technology  Council  (NSTC).  The  NSTC  is  a  "vir- 
tual" agency,  a  coalition  of  agencies  that  coordinate  their  efTorts,  divide  tasks,  and 
share  resources  to  advance  science  and  technology.  This  forum  for  direct  commu- 
nication between  agencies  cuts  through  bureaucracy  and  led  to  the  identification  of 
common  goals  and  obiectives. 

Througn  the  nine  NSTC  conmiittees,  natural  and  social  scientists,  economists,  en- 

Sneers,  and  policymakers  are  brought  together  to  address  S&T  challenges.  The 
STC  prepares  integrated  R&D  budgets,  policies,  and  plans  in  nine  principal  areas: 
fundamental  science;  health,  safety,  and  food;  environment  and  natural  resources; 
information  and  conununications;  national  security;  civilian  industrial  technology; 
transportation;  education  and  training;  and  international  science  and  technology. 

QLfESTION:  2.  What  is  the  role  ofyour  office  in  shaping  federal  R&D  policy  rel- 
ative to  other  federal  R&D  agencies  like  the  National  Science  Foundation? 

Agencies  such  as  the  National  Science  Foundation  are  responsible  for  developing 
policies  and  implementing  and  managing  specific  programs  within  their  authority 
and  for  providing  policy  input  to  the  Administration  that  represents  agency  exper- 
tise and  perspective. 

The  Ofiice  of  Science  and  Technology  Policy  is  responsible  for  interagency  coordi- 
nation of  S&T  policies  and  programs  and  for  presenting  final  advice  to  the  Presi- 
dent. Specifically,  OSTP: 

•  Advises  the  President  and  others  within  the  Executive  Office  of  the  President 
on  the  impacts  of  science  and  technology  on  domestic  and  international  affairs; 

•  Evaluates  the  scale,  quality,  and  effectiveness  of  the  Federal  effort  in  science 
and  technology; 

•  Leads  an  interagency  efibrt  to  develop  and  implement  sound  science  and  tech- 
nolo©'  policies  and  budgets; 

•  Works  with  the  private  sector  to  ensure  Federal  investments  in  science  and 
technology  that  contribute  to  economic  prosperity,  environmental  quality,  and  na- 
tional security; 

•  Builds  strong  partnerships  among  Federal,  State,  and  local  governments  and 
the  scientific  communitv. 

QUESTION:  3.  What  is  the  total  federal  R&D  budget  request  for  FY96?  How  is 
it  divided  between  civilian  and  defense  research?  How  does  it  compare  with  the  FY95 
funding  for  federal  R&D?  Does  the  budget  request  reflect  any  overriding  principles, 
themes,  or  policy  goals? 

The  President's  FY  1996  budget  oroposes  $73  billion  of  spending  for  R&D.  Under 
this  budget  the  civilian  share  of  R&D  should  be  approximately  51  percent  by  1996 
if  the  estimates  account  for  so-called  "dual-use"  defense  R&D,  and  48  percent  if  they 
do  not.  The  proposed  budget  maintains  overall  R&D  funding  at  roughly  the  1995 
level  with  an  increase  of  0.2  percent.  It  proposes  about  $1  billion  more  than  FY95 
for  a  balanced  portfolio  of  civilian  basic  research,  applied  research,  and  development 
activities. 

As  enunciated  by  the  President  in  his  first  month  in  office,  our  science  and  tech- 
nology policies  and  programs  are  directed  toward  three  basic  goals: 

•  strengthening  the  economy  through  private  investment  in  research  and  develop- 
ment and  the  growth  of  innovation-based  enterprises; 

•  reforming  and  streamlining  government,  to  make  it  work  better  and  cost  less, 
with  a  fair,  efficient,  and  eflertive  regulatory  system  that  encourages  rather  than 
discourages  innovation; 

•  world  leadership  in  science,  mathematics  and  engineering. 

Federal  investments  in  S&T  are  a  key  element  of  a  comprehensive  strategy  to 
prepare  for  the  21st  century. 

Government  is  an  essential  actor  in  making  sure  science  and  technology  help  us 
reach  our  goals.  Many  of  the  benefits  science  and  technology  confer  are  in  areas  that 
are  either  outside  the  market  or  imperfectly  subject  to  market  forces — such  things 
as  a  strong  national  defense,  first-class  education  and  training,  improved  environ- 
mental quality,  and  fundamental  scientific  research.  In  these  areas,  a  strong  govern- 
ment presence  in  R&D  investments  is  essential. 

A  government  role  is  also  vital  in  promoting  technologies  that  are  critical  to  eco- 
nomic growth,  the  creation  of  good  jobs,  and  meeting  the  common  needs  of  the  na- 
tion, but  cannot  attract  adequate  private  investment.  In  our  partnerships  with  busi- 
ness for  pre-commercial  technology  development,  our  cardinal  rule  is  to  use  govern- 
ment funds  only  where  they  are  essential  and  where  the  payoff  to  society  as  a  whole 
is  large.  We  invest  government  funds,  on  a  cost-shared  oasis,  where  private  sector 
investment  is  not  adequate  to  the  job  because  of  unacceptably  high  technical  risks. 
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prohibitive  cost,  long  payback  horizons,  or  where  the  returns  cannot  be  captured  by 
the  investing  firm  but  spUl  out  to  competitors,  other  firms,  or  society  at  large. 
At  the  beginning  of  tnis  Administration,  President  Clinton  conunitted  to  an  inte- 

f ration  of  agency  R&D  budgets  to  ensure  the  Nation's  S&T  investments  served 
road  national  goals  as  well  as  agency  missions.  This  Administration  recognizes  the 
contributions  that  R&D  can  make  to  the  vitality  of  this  country  as  we  move  closer 
to  the  21st  century.  R&D  guidance — in  the  form  of  broad  policv  principles  and 
goals — ^has  been  issued  to  guide  the  individual  agencies'  budget  development.  The 
guidance  reflects  a  significant  paradigm  shift  in  the  way  the  Federal  R&D  enter- 
prise is  addressed,  both  from  a  budget  and  a  policy  standpoint. 
The  R&D  policy  principles  direct  the  agencies  to: 

•  emphasize  peer  review 

•  invest  in  human  resources 

•  invest  in  fundamental  science 

•  integrate  civilian  and  military  research  programs  wherever  possible 

•  integrate  environmental  objectives  into  other  goals 

•  encourage  cost-shared  research  partnerships  with  industry  and  With  States 

•  invest  in  anticipatory  R&D  ' 

•  promote  international  cooperation 

•  promote  equity  and  diversity 

The  President's  budget  is  the  single  most  important  statement  that  reflects  his 
commitment  to  S&T  for  economic  growth.  The  budget  reflects  the  Administration's 
policies  and  priorities  as  follows: 

(1)  Within  a  tight  S&T  budget,  we  made  room  for  a  3.5  percent  increase  in  basic 
research.  Basic  research  is  a  crucial  investment  for  our  future  economic  well  being 
and  for  providing  the  quality  of  life  that  Americans  rightfully  expect,  providing  the 
highest  rate  of  return  of  any  federal  investment.  This  growth  has  not  been  easy  to 
achieve.  One  third  of  the  nation's  basic  research  budget  is  in  mission  agencies — 
DOE,  DOD,  NASA — ^that  are  under  especially  heavy  fiscal  pressure. 

•  Support  for  academic  research  is  maintained.  Investments  at  universities  yield 
a  particularly  high  return,  in  part  because  the  investment  adds  both  to  the  knowl- 
edge base  and  to  training  the  next  generation  of  scientists  and  engineers. 

•  This  activity  wiU  rely  on  peer  and  merit  review  even  more  tnan  in  the  past  to 
make  sure  that  our  scarce  research  dollars  are  spent  on  the  best  research  oy  the 
best  scientists,  for  the  greatest  return  on  the  American  taxpayers'  investment. 

(2)  The  budget  is  focused  on  harnessing  S&T  to  solve  real  problems  and  create 
real  opportunities  for  all  Americans.  As  exciting  or  as  important  as  it  may  be,  it's 
not  enough  to  say  we're  close  to  finding  missing  matter  in  the  universe,  or  that 
we're  gaining  a  better  understanding  of  the  nature  of  carbon  sinks  in  the  tropical 
rain  forests.  To  the  majority  of  Americans,  these  aren't  the  central  issues.  That  is 
why  the  President's  budget  also  is  focused  on  providing  what  the  public  expects  in 
addition  to  new  knowledge  from  their  investments  in  science  and  technology,  things 
such  as: 

•  Continued  economic  growth  and  job  creation; 

•  National  security,  both  in  defense  and  competitiveness; 

•  Education  and  training  for  ourselves  ana  for  our  children  in  the  new  tech- 
nologies that  hold  the  key  to  our  economic  future; 

•  Better  health,  safe  food  and  water,  and  a  healthy  environment. 

(3)  The  FY96  budget  requests  increased  funding  for  technology  partnerships  with 
U.S.  Industry.  These  partnership  programs  represent  a  small  but  increasingly  vital 
component  of  the  federal  R&D  portfolio. 

•  Funding  is  increased  to  support  work  with  industry  on  high-risk  civilian  indus- 
trial technologies  of  critical  importance  to  the  country. 

(4)  Information  technology  is  a  priority  in  the  FY96  budget.  New  information  tech- 
nologies are  transforming  the  way  Americans  communicate  with  each  other,  the  way 
businesses  operate,  the  way  we  learn  and  the  way  we  use  our  leisure  time.  These 
are  key  investments  for  a  nation  whose  future  is  tightly  linked  to  the  success  of  in- 
formation technology. 

•  Increased  funding  is  requested  for  the  High  Performance  Computing  and  Com- 
munications program  for  advanced  research  in  technologies  critical  to  development 
of  the  information  superhighway. 

•  We  will  pursue  a  focused  initiative  to  develop  Technologies  for  Education  and 
Training.  Information  technology  is  helping  businesses  become  more  productive  and 
better  able  to  serve  the  needs  of  individual  customers.  But  this  revolution  largely 
has  bypassed  the  nation's  schools.  The  goal  of  this  initiative  is  to  create  new  tools 
to  revolutionize  learning  in  the  information  age  for  students  and  workers  of  all  ages. 

(5)  Improved  understanding  of  the  environment  will  contribute  to  a  healthier, 
safer  America  and  a  stronger  economy: 
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•  $5.5  billion  in  funding  for  environment  and  natural  resources  research  is  pro- 
posed in  FY96,  a  4%  increase  over  FY95. 

(6)  The  FY96  budget  strengthens  the  federal  investment  in  health,  and  in  agri- 
culture and  food  research  that  will  lead  to  new  ways  to  prevent  and  treat  disease. 
This  investment  will  also  enhance  agricultural  productivity  and  sustainability,  food 
safety,  and  environmental  quality: 

•  Funding  at  the  National  Institutes  of  Health  increases  4%  ($468  million).  High- 
est priority  is  given  to  investigator-initiated  research  grants  related  to  targeted 
areas  such  as  the  health  of  women  and  minorities,  disease  prevention,  and  DNA  se- 
quencing technologies. 

•  Agriculture  research  emphasizes  food  safety,  human  nutrition,  germplasm  pres- 
ervation and  genome  mapping,  reduced  dependence  on  diemical  pesticides,  water 
quality,  and  sustainable  agriculture. 

(7)  With  a  NASA  budget  of  $14.2  billion,  the  Clinton  Administration  is  seeking 
to  maintains  America's  leadership  in  space  exploration,  science,  aeronautics,  and 
technology.  We  have  entered  a  new  era  in  space,  one  with  new  research  priorities 
and  new  emphasis  on  efficiency  and  working  in  partnership  with  private  industry. 

The  international  space  station  has  been  redesigned  to  reduce  its  cost,  to  improve 
its  performance  and  safety,  and  to  accelerate  its  schedule.  The  inclusion  of  Russia 
as  a  full  partner  in  the  station  program  meets  important  programmatic  and  foreign 
policy  goals. 

(8)  Continued  science  and  technology  investments  are  critical  to  our  national  secu- 
rity. Superior  technology  allows  us  to  field  the  strongest  military  at  the  lowest 
cost — both  economic  anoThuman. 

•  This  budget  shows  our  firm  commitment  to  defense  basic  science — the  seed  com 
on  which  our  technolo^  programs  depend. 

•  We  are  giving  priority  to:  programs  that  improve  our  warfighting  capabilities, 
such  as  information  tecmiology  and  advanced  modeling  and  simulation  that  are 
changing  the  battlefield,  giving  individual  soldiers,  sailors,  and  airmen  the  benefit 
of  our  global  information  leadership;  programs  that  address  afibrdability,  such  as 
manufacturing  and  production  technologies;  and  technologies  for  new  missions,  such 
as  counter-proliferation,  that  are  growing  in  importance. 

•  Many  of  the  technologies  we  need  for  advanced  military  capabilities  are  avail- 
able in  tne  commercial  sector,  and  in  some  cases  they  are  more  advanced  and  cost 
less.  Through  increased  funding  for  partnerships  with  industry,  we  are  breaking 
down  the  barriers  between  the  defense  and  commercial  industrial  sectors  so  that  we 
have  access  to  the  best  of  both  for  our  military  applications. 

•  We  can  use  American  leadership  in  international  science  and  technology  co- 
operation to  address  global  issues  such  as  proliferation  of  weapons  of  mass  destruc- 
tion, excessive  population  pressure,  food  scarcity,  environmental  degradation,  dete- 
riorating health  conditions.  These  conditions  are  incompatible  with  the  promotion 
of  stability,  economic  growth,  and  the  spread  of  democracy. 

Relevance  of  Federal  R&D  to  the  U.S.  Economy 

QUESTION:  4.  What  system,  if  any,  is  being  employed  to  determine  whether  the 
projects  that  have  received  ATP  or  TnP  awards  are  successful?  What  are  the  results 
of  any  evaluations  of  any  ATP  or  TRP  projects  that  have  been  done? 

From  the  start,  ATP  has  strongly  embraced  program  evaluation  and  considers  it 
critical  to  the  operation  and  long-run  success  of  a  results-oriented,  efficiently  run 

{)rogram.  NISTs  evaluation  plan  for  ATP  has  provided  a  model  for  other  industry- 
ed  cost-shared  technology  programs,  including  the  Technology  Reinvestment 
Project.  Specific  indicators  of  success,  already  being  used  to  rate  early  impacts  on 
participating  companies  from  ATPs  startup  years,  mclude:  expanded  K&D  activity, 
particularly  the  aoiUty  to  engage  in  high-risk,  long-term  research  with  high-payoft 
potential;  cost  and  time  savings,  and  improved  productivity;  improved  competitive 
standing;  formation  of  valuable  strategic  alliances;  improved  ability  to  attract  inves- 
tors; assistance  in  converting  from  defense  to  commercial  applications;  and  accelera- 
tion of  technology  development,  leading  to  improved  market  share. 

For  its  contribution  to  the  civilian  industrial  sector,  TRP  has  modeled  its  evalua- 
tion plan  largely  on  ATPs  plan.  For  its  major  focus  on  military  applications,  TRP 
is  developing  a  different,  highly  detailed  evaluation  plan.  The  ultimate  test  of  the 
success  01  a  dual-use  technology  program  such  as  TRP  wiU  be  the  ability  of  the  mili- 
tary to  keep  its  technological  edge,  drawing  from  affordable,  state-of-the  art  tech- 
nologies from  the  commercial  sector,  and  the  commercial  success  of  these  same  tech- 
nologies. 

It  is  not  yet  possible  to  assess  ATPs  full  economic  impact  because  it  is  too  early 
for  these  effects  to  have  occurred;  the  program  began,  on  a  very  small  scale,  in  1990. 
Only  a  handful  of  early  projects  are  out  of  the  R&D  phase  and  entering  commercial 
development.  NIST  has  put  into  place  systematic  mechanisms  to  gather  data  and 
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provide  the  analysis  as  the  long-term  eflects  unfold.  These  include  an  information 
collection  system  for  tracking  the  business  progress  and  economic  results  of  ATP 
projects;  case  studies  of  individual  projects;  tne  experimental  use  of  macroeconomic 
models  for  projecting  outcomes;  and  development  of  methods  to  estimate  the  bene- 
fits that  go  beyond  the  award  winners  to  tne  industry  as  a  whole,  consumers,  and 
the  economy.  Early,  small-sample  studies  do  show  that  ATP  has  led  to  faster  devel- 
opment of  new  technologies,  reduced  time  to  market,  early  progress  toward  commer- 
cialization, and  company  expansion  and  projections  of  fiiture  growth. 

TRP  has  not  yet  conducted  an  evaluation  of  its  entire  program,  which  is  still  quite 
new  (the  first  TRP  awards  were  announced  in  October  1993,  and  the  first  actual 
agreements  signed  in  early  1994).  However,  TRP  managers  continuously  evaluate 
the  progress  oi  individual  projects,  to  determine  whether  they  are  meeting  deadlines 
find  t^^cnnicfi.]  TnilsstfOricfl 

QUESTION:  5.  OSTP  recentiy  reported  that  the  U.S.  leads  the  world  in  science 
and  technology,  but  that  the  lead  is  slipping  relative  to  Europe  and  Japan.  What 
were  the  main  findings  of  the  OSTP  report  and  what  must  the  U.S.  do  to  strengthen 
its  leadership  in  critical  technologies? 

The  National  Critical  Technologies  Report  (March  1995)  emphasized  that  signifi- 
cant improvements  have  been  made  in  recent  years  resulting  in  U.S.  leadership  in 
most  of  the  critical  technology  areas.  However,  this  status  must  be  viewed  with  an 
understanding  of  the  highly  dynamic  nature  of  technology  leadership  in  todaVs  glob- 
ally competitive  environment.  The  report  includes  a  competitive  benchmarking  as- 
sessment of  the  present  U.S.  position  in  each  of  the  critical  technology  areas  against 
major  foreign  competitors.  This  position  reflects  the  impact  of  government  policies 
and  the  performance  of  U.S.  industry  and  universities  over  the  past  few  years. 

The  current  competitive  position  of  the  U.S.  relative  to  Japan  and  to  Europe  is 
summarized  for  each  technology  area.  The  rate  of  change  of  the  U.S.  position  is  also 
provided  and  is  considered  equally  as  important  as  the  current  competitive  position. 
This  is  a  key  input  for  technology  policymakers  in  the  Administration  and  in  the 
Congress  as  they  seek  to  maintam  a  strong  U.S.  position  in  critical  technologies  for 
future  national  security  and  economic  prosperity. 

Although  the  assessment  of  current  status  shows  the  U.S.  position  to  be  at  parity 
with,  or  ahead  of,  the  positions  of  Europe  and  Japan  for  all  27  of  the  critical  tech- 
nology areas,  in  most  cases  this  U.S.  lead  is  made  tenuous  by  static  or  even  negative 
trends  relative  to  foreign  competition.  Compared  to  Japan,  the  U.S.  was  judged  to 
have  a  substantial  lead  in  10  of  the  27  technology  areas,  a  slight  lead  in  11  areas, 
and  to  be  at  parity  in  6  areas.  However,  Japan  is  outpacing  U.S.  progress  in  5  areas 
where  the  u.S.  currently  enjoys  a  substantial  lead  and  in  5  areas  where  the  U.S. 
has  a  slight  lead.  The  Japanese  rate  of  progress  is  at  parity  with  the  U.S.  in  9 
areas,  leaving  8  of  the  27  areas  where  U.S.  progress  is  outpacing  the  Japanese. 

With  respect  to  Europe,  the  U.S.  was  judged  to  have  a  substantial  lead  in  only 
1  of  the  27  technology  areas,  a  slight  lead  in  18  areas,  and  to  be  at  parity  in  7  areas 
(one  area  was  not  benchmarked  against  Europe).  Europe  is  outpacing  VS.  progress 
in  3  areas  where  the  U.S.  currently  enjoys  a  slight  lead  and  in  1  area  where  the 
U.S.  and  Europe  were  determined  to  be  at  parity.  The  European  rate  of  progress 
is  at  parity  with  the  U.S.  in  16  areas,  leaving  6  oi  the  27  areas  where  U.S.  progress 
is  outpacing  the  Europeans. 

The  Clinton  Admimstration  has  redirected  and  reinvented  the  federal  S&T  enter- 
prise through  the  National  Science  and  Technology  Council.  One  objective  is  to 
strengthen  U.S.  leadership  in  critical  technologies  while  creating  a  stronger  econ- 
omy, better  and  more  jobs,  and  a  cleaner  environment. 

A  significant  component  of  the  Administration's  technology  policy  is  the  establish- 
ment of  partnerships  to  advance  national  goals.  Partnerships  between  the  Federal 
Government,  private  industry,  state  and  local  governments,  and  universities,  and 
other  Administration  programs,  are  advancing  progress  in  many  of  the  critical  tech- 
nologies covered  in  the  report,  including  energy,  environmental  quality,  information 
and  communication,  living  systems,  manufacturing,  and  materials. 

QUESTION:  6.  I  support  the  ATP  because  I  believe  it  provides  critical  "seed 
money"  to  companies  that  need  an  initial  helping  hand  to  get  started  and  attract  pri- 
vate capital.  Nevertheless,  it  was  surprising  that,  at  a  time  when  NASA  and  other 
R&D  agencies  are  cutting  back,  the  President  reauested  $491  million  for  ATP  in 
FY96,  an  increase  of  14  percent  over  the  FY95  level.  Do  you  believe  the  budget  treat- 
ment of  ATP  was  overly  favorable  relative  to  that  of  other  R&D  programs? 

Putting  together  a  budget  while  meeting  a  commitment  to  reduce  the  federal  defi- 
cit clearly  involves  difficult  choices — often  between  programs  of  similar  merit.  Sig- 
nificant savings  have  been  achieved  in  NASA  through  improved  management  and 
program  design  while  meeting  the  agencies  core  commitments.  We  feel  that  growth 
in  the  ATP  program  is  essential  for  ensuring  the  economic  security  of  the  U.S.  in 


121 

a  period  where  economic  competitors  around  the  world  are  in  a  tight  race  with  U.S. 
producers.  Many  firms  are  being  forced  to  reduce  spending  on  precisely  the  kind  of 
nigh-risk  research  funded  by  the  ATP;  the  cost  sharing  available  from  ATP  ensures 
that  the  US.  will  have  the  technology  resources  needed  in  the  years  eihead.  The  in- 
vestment represents  a  small  fraction  of  the  savings  achieved  in  other  agencies. 

Indirect  Cfosts  (Government  pajnment  of  overhead  costs) 

QUESTION:  7.  In  recent  years,  universities  and  the  federal  government  have  been 
struggling  with  the  issue  of  indirect  costs.  While  it  is  only  fair  that  federal  govern- 
ment reimburse  research  grantees  for  some  of  the  overhead,  some  colleges  abused  the 
system.  In  response,  federal  regulations  were  revised  to  impose  a  26  percent  cap  on 
indirect  costs.  On  March  6,  the  GAO  issued  a  report  on  the  effect  of  those  regulatory 
changes.  Among  other  things,  the  Report  found  that  (a)  the  cap  reduced  indirect  cost 
charges  to  the  federal  government  and  (b)  it  resulted  in  more  uniform  rates  among 
universities. 

What  is  vour  reaction  to  the  Report  and  its  findings?  Does  the  Clinton  Adminis- 
tration still  view  the  matter  of  indirect  costs  as  a  major  problem  or  has  it  been  effec- 
tively resolved?  Are  there  stUl  cases  of  flagrant  abuses  among  the  universities? 

We  are  pleeised  the  GAO  report  confirms  that,  following  the  good  work  by  the  pre- 
vious Administration,  we  are  on  the  right  track  in  refining  the  system  for  reimburs- 
ing universities  for  costs  associated  with  federally  funded  research.  We  in  this  Ad- 
ministration have  undertaken  a  comprehensive  review  of  this  issue,  proposed  revi- 
sions this  past  February  and  expect  to  have  further  revisions  by  the  early  part  of 
next  year.  Following  allegations  of  improper  accounting  and  possible  mismanage- 
ment several  years  ago,  there  were  numerous  audits  of  university  financial  systems. 
Universities  changed  their  accounting  procedures  and  federal  negotiators  tou^ened 
their  approach.  We  no  longer  believe  the  matter  of  "indirect"  costs,  now  called  "re- 
search costs",  is  a  major  issue  requiring  congressional  attention.  We  would  be 
pleased  to  brief  you  further  on  this  issue  and  the  work  we  have  in  progress. 

The  previous  Administration  revised  0MB  Circular  A-21  to  cap  tne  administrative 
component  of  indirect  costs  at  26%  of  total  costs,  tightened  the  definition  of  what 
costs  would  be  allowed  for  federal  reimbursement,  and  included  several  provisions 
to  achieve  greater  uniformity  among  university  practices.  As  a  result  of  these  1991 
and  1993  revisions  by  the  last  Administration,  GAO  found  that: 

•  university  rates  are  more  uniform  and  procedures  are  more  consistent 

•  federal  reimbursement  has  been  reduced  by  over  $110  million  annually 

•  the  portion  of  total  academic  research  funding  by  NIH  and  NSF  attrioutable  to 
facilities  and  adininistration  (what  we  used  to  call  'Indirect  costs  ")  has  decreased 
over  the  past  five  years  down  to  31%  and  22%  respectively  (meaning  that  on  aver- 
age, $0.78  of  every  NSF  dollar  is  spent  directly  on  research  activities) 

On  February  6,  1995,  we  proposed  revisions  to  A-21  to  bring  about  fiirther  uni- 
formity in  methods  and  procedures.  We  also  will  change  our  terminology— past  no- 
tions of  "  indirect"  costs  were  needlessly  complicated  and  poorly  understood.  What 
had  been  indirect  costs  will  now  be  two  categories— research  facilities  and  research 
administration— both  necessary  to  the  conduct  of  fundamental  research.  Having 
capped  the  category  for  research  administration,  we  have  turned  our  attention  to 
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We  now  are  working  closely  with  0MB  and  the  research  community  to  develop 
simpler  and  more  consistent  ways  to  calculate  appropriate  costs  for  facility  and  util- 
ity use.  The  result  of  our  work  will  be  further  revisions  to  0MB  Circular  A-21,  prob- 
ably to  be  offered  by  the  early  part  of  1996.  We  hope  to  incorporate  further  incen- 
tives to  keep  research  facilities  costs  down.  However,  we  are  mindful  of  the  need 
for  continued  public  and  private  investment  in  research  facihties  in  order  to  main- 
tain our  world  leadership  position  in  science  and  train  the  next  generation  of  sci- 
entists and  engineers.  A  significant  portion  of  the  federal  participation  in  this  m- 
vestment  is  through  reimbursement  of  facility  research  costs.  Therefore  we  are 
pleased  that  GAO  found  such  a  large  majority  of  the  individuals  interviewed  oopose 
a  cap  on  overall  indirect  cost  rates  (consisting  of  administration  and  faaiities)  be- 
cause they  believe  a  cap  will  adversely  affect  universities'  ability  to  provide  the  mod- 
em laboratory  facihties  and  equipment  needed  to  perform  advanced  saentilic  re- 

Coordination  of  multiagency  science  programs  «-  .i 

QUESTION:  8.  One  of  the  most  important  responsibilities  of  your  office  is  the  co- 
ordination of  the  Nation's  multiagency  federal  science  programs,  which  address  such 
matters  as  global  change  research,  high  performance  computing  and  communica- 
tions, and  c5vanced  materials.  .        ,      ,  .  „.  •       „   „,^^„„.o 

QUESTION:  8.  a)  Would  you  identify  the  major  multiagency  science  programs 
which  your  office  is  responsible  for  coordinating?  .    .  .     ,l  ^^«o2 

QUESTION:  8.  b)  How  much  of  the  FY96  budget  is  allocated  to  these  programs^ 
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The  following  are  selected,  major  interagency  science  and  technology  programs 
supported  in  the  current  budget: 


FY1995        FY1996 


Dollar  Percent 


estimate      proposed        '^^^^         '^^^^ 

($  millions) 

Technology  Learning  Challenge 328  335  +8  +2% 

Partnership  for  a  New  Generation  of  Vehicles 246  333  +87  +35% 

Construction  &  Building 141  169  +28  +20 

Physical  Infrastructure  for  Transportation  247  321  +74  +30% 

Environment  &  Natural  Resources  * 5,339          5,536  +197  +4% 

U.S.  Global  Change  Research  Program  *  2,118  2,157  +39  +2% 

High  Performance  Computing  and  Communications 1,080  1,142  +63  +6% 

*  U.S.  Global  Change  Research  Program  is  a  subset  of  the  Environment  and  Natural  Resource  initiative. 

NSTC  Technology  Learning  Challenge  (TLC):  The  TLC  is  a  partnership  with  in- 
dustrial, educational,  and  training  institutions  using  computers,  new  communication 
systems,  and  other  advanced  technologies  to  improve  the  quality,  accessibility,  and 
productivity  of  learning  experiences  lor  aU  Americans.  The  budget  proposes  four 
major  focus  areas  (innovative  technologies  and  demonstration  projects,  learning 
tools,  evaluation  techniques,  and  cognitive  process  research).  For  1996,  nine  agen- 
cies are  proposing  $335  million  for  this  effort.  An  Interagency  Technology  Office,  es- 
tabUshea  within  the  Department  of  Education,  will  carry  out  the  initiative. 

Partnership  for  a  New  Generation  of  Vehicles  (PNGV):  The  PNGV  or  "Clean  Cai^ 
initiative  is  a  partnership  with  U.S.  industry  to  ensure  the  global  competitiveness 
of  the  U.S.  automobile  industry  and  its  suppliers  and  improve  environmental  qual- 
ity. It  is  structured  around  two  near-term  goals — better  manufacturing  technologies 
and  better  emissions  control  of  conventional  engines — and  a  major  long-term  goal — 
developing  an  attractive,  affordable  car  with  three  times  the  fuel  efficiency  of  today's 
vehicles. 

The  budget  proposes  investments  in  14  technologies,  targeting  most  Government 
funding  to  the  third,  long-term  goal.  Eight  agencies  participate  in  the  initiative:  the 
Departments  of  Commerce,  Defense,  Energy,  Interior  and  Transportation,  and  EPA, 
NASA,  and  NSF.  Their  combined  budget  proposal  is  $333  million  in  1996,  an  in- 
crease of  $87  million  or  35  percent  above  1995. 

NSTC  Construction  and  Building  (C&B):  A  partnership  with  U.S.  industry,  C&B 
is  designed  to  improve  the  productivity  and  saiety  of  building  construction  practices 
and  the  afFordability,  quality,  and  environmental  characteristics  of  buildings.  C&B 
has  set  goals  and  priorities  m  three  broad  areas:  technology  improvements,  such  as 
information  and  decision  technologies;  non-technical  barriers  to  improvements,  such 
as  regulatory  barriers;  and  the  deployment  of  technology,  including  training  and 
demonstration  projects.  Seven  agencies  are  proposing  $169  million  in  1996,  an  in- 
crease of  $28  million  (20  percent)  over  the  1995  level. 

NSTC  Physical  Infrastructure  for  Transportation:  This  partnership  with  industry 
is  designed  to  improve  the  quality  and  lower  the  cost  of  building  and  maintaining 
highways,  bridges,  ports,  rail  lines,  airports,  and  other  parts  of  the  Nation's  physical 
transportation  infrastructure.  The  budget  provides  funds  to  expand  programs  associ- 
ated primarily  with  accelerating  R&D  on  new  materials  ana  with  the  methods  of 
assessing  infrastructure  conditions.  For  1996,  five  agencies  are  proposing  $321  mil- 
lion, an  increase  of  $74  million,  or  30  percent,  over  the  1995  level.  R&D  activities 
include  airport  security  and  pavement  technology,  and  research  and  technology  in 
highway  materials,  pavements,  and  structures. 

NSTC  Environment  and  Natural  Resources  (ENR):  The  ENR  initiative  focuses  on 
R&D  programs  associated  with  global  change,  biodiversity  and  ecosystems,  air  qual- 
ity, natural  resources  and  management,  water  resources,  coastal  and  marine  re- 
sources, toxic  substances,  hazardous  and  solid  wastes,  and  natural  disaster  reduc- 
tion. Twelve  agencies  propose  $5.5  billion  in  1996,  an  increase  of  $197  million  or 
four  percent  over  1995.  The  total  for  ENR  includes  $2.2  billion  for  the  U.S.  Global 
Change  Research  Program  (USGCRP). 

NSTC  High  Performance  Computing  and  Communications  (HPCC):  The  HPCC 
program  involves  nine  agencies  and  is  designed  to  ensure  U.S.  leadership  in  infor- 
mation and  communications  technologies  and  help  lay  the  technological  foundation 
for  the  National  Information  Infrastructure  initiative.  It  supports  research  on  com- 
puter science  and  engineering,  and  the  development  of  applications  of  information 
technology  in  commerce,  manufacturing,  education,  public  safety,  health  care,  and 
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other  fields.  The  budget  proposes  $1.1  billion  for  HPCC  in  1996,  an  increase  of  $63 
million  or  six  percent  over  1995. 

QUESTION:  8.  c)  How  does  OSTP  perform  its  coordination  function  and  what  role 
does  the  National  Science  and  Technology  Council  play  in  that  regard? 

In  order  to  confront  the  budgetary,  scientific,  and  technological  challenges  of  the 
21st  century,  the  Administration  recognized  that  significant  changes  were  needed 
in  the  way  we  plan  and  fund  Federal  R&D.  The  traditional  single-agency,  single- 
discipline  approach  to  problem  solving  must  be  supplanted  by  a  coordinated,  multi- 
agency,  interdisciplinary  approach.  Multi-dimensional  problems  can  only  be  ad- 
dressed by  bringing  together  natural  and  social  scientists,  economists,  engineers, 
and  policymakers.  For  too  long,  science  has  been  decoupled  from  informing  policy 
decisions.  Fixing  this  disconnect  has  been  one  of  our  highest  priorities. 

Over  the  past  two  years,  the  Administration  has  been  working  to  improve  the 
Federal  R&D  enterprise  in  many  ways.  For  the  first  time,  the  United  States  has 
a  comprehensive,  coordinated  Cabinet  level  body  devoted  to  coordinating  the  Federal 
R&D  enterprise.  In  November  1993,  the  President  created  the  National  Science  and 
Technology  Council  (NSTC).  The  principal  purpose  of  the  NSTC  is  to: 

•  identify  national  goals  that  require  concerted  R&D  efforts; 

•  identify  the  high-priority  R&D  needed  to  meet  those  goals;  and 

•  coordinate  R&D  government  wide  to  make  sure  that  adequate  attention  is  given 
to  high-priority  areas,  and  to  avoid  wasteful  duplication 

Although  each  agency,  to  accomplish  its  missions,  must  have  R&D  directed  to  its 
particular  needs,  there  are  some  commonalities  in  the  science  and  technology  needs 
of  all  the  agencies.  Put  another  way,  overarching  national  goals  typically  cross  agen- 
cy boundaries.  This  is  particularly  true  because  of  the  highly  interactive  nature  of 
research  and  development  with  its  many  feedback  mechanisms.  The  NSTC  provides 
a  structure  in  which  to  prioritize  the  many  legitimate  demands  on  the  public's  R&D 
dollar.  It  assures  a  forum  where  critical  national  needs  cannot  be  pusned  aside  by 
urgent  and  parochial  agency  needs.  It  can  sensitize  agencies  to  tne  advantage  of 
symbiosis  over  isolated  pursuit  of  objectives. 

ITirough  its  nine  standing  conmuttees,  the  NSTC  has  identified  R&D  priorities 
that  link  our  S&T  activities  to  critical  national  goals.  The  nine  NSTC  standing  com- 
mittees are  organized  in  the  following  principal  areas:  fundamental  science;  health, 
safety,  and  food;  environment  and  natural  resources;  information  and  communica- 
tions; national  security;  civilian  industrial  technology;  transportation;  education  and 
training;  and  international  science,  engineering  and  technology.  They  produce  stra- 
tegic plans  that  set  forth  each  program's  major  scientific  objectives.  They  also  de- 
velop implementation  plans  that  set  forth  the  contributions  (milestones, 
deliverables)  of  each  of  the  participating  agencies'  individual  research  programs  and 
projects.  Development  of  these  strategies  and  implementation  plans  enables  agency 
program  managers  to  identify  both  programmatic  overlaps  (which  would  lead  to  du- 
plication) and  gaps  (which  could  lead  to  the  inability  to  meet  scientific  program  ob- 
jectives), and  to  effectively  redirect  resources  to  address  research  needs. 

Some  proCTams,  such  as  the  U.S.  Global  Change  Research  Program,  have  estab- 
lished a  woncing  group  structure  and  a  small  coordinating  office  to  facilitate  inter- 
agency coordination. 

They  seek  to  establish  effective  coordination  with  related  national  and  inter- 
national scientific  activities  at  universities  and  industry  laboratories,  for  example, 
as  well  as  to  make  sure  that  the  research  programs  are  addressing  issues  of  concern 
to  various  stakeholder  groups  such  as  industry,  non -governmental  organizations, 
state  and  local  governments,  and  the  Congress. 

Specific  activities  of  the  Committees  include:  (1)  initiating  scientific  planning  ef- 
forts as  re<^uired;  (2)  tracking  program  progress,  identifying  problems  or  gaps  and 
recommending  solutions;  (3)  developing,  reviewing  and  disseminating  information 
products  that  describe  program  goal^  and  accomphshments;  (4)  complying  with  any 
statutory  requirements,  such  as  the  development  and  routine  revision  of  a  ten-year 
research  plan;  and  (5)  ensuring  consistent,  interagency  compliance  with  Executive 
Branch  directives  and  requirements  such  as  the  annual  OMB  budget  crosscut  and 
regular  reports  to  NSTC  and  OSTP; 

Unprecedented  cooperation  among  the  member  agencies  in  1994  enabled  these 
committees  systematicaUy  to  prepare  research  and  development  strategies  to  meet 
the  goals.  OSTP  worked  with  the  Office  of  Management  and  Budget  to  ensure  the 
priority  areas  received  adequate  attention — all  within  a  level  R&D  budget.  The  re- 
sult is  a  coherent,  efficient  R&D  agenda. 

To  meet  the  Nation's  goals  in  the  years  ahead — and  to  continue  meeting  them  as 
the  goals  evolve — requires  that  we  set  priorities  for  R&D  now,  with  a  farsighted  vi- 
sion for  the  future  because  most  of  the  S&T  enterprise  is  inherently  a  multi-decade 
process.  Even  within  the  science  community,  it  can  take  decades  to  recognize  the 
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significance  of  a  scientific  discovery.  The  NSTC  provides  the  mechanism  for  provid- 
ing the  vision  and  deriving  priorities.  By  creating  a  "virtual"  S&T  organization,  the 
NSTC  enables  the  Administration  to  maintain  a  productive  research  and  develop- 
ment activity  in  each  S&T-dependent  agency  while  simultaneously  achieving  the  ef- 
ficiencies of  a  cross-linked  system. 

Space 

QUESTION:  9.  In  the  Apollo  era,  NASA's  mission  was  clearly  focused  on  human 
exploration  of  the  moon.  Hecently,  defining  its  central  purpose  has  been  more  dif- 
ficult. 

QUESTION:  9.  a)  How  would  you  explain  to  the  average  taxpayer  in  Montana  why 
the  government  should  pay  $14  billion  for  a  space  program  ? 

The  programs  and  activities  conducted  by  NASA  are  dedicated  to  three  primary 
missions: 

1)  Explore,  use,  and  enable  the  development  of  space  for  human  enterprise,  2)  Ad- 
vance scientific  knowledge  and  understanding  of  the  Earth,  the  solar  system,  and 
the  universe  and  use  the  environment  of  space  for  research,  and  3)  Research,  de- 
velop verify,  and  transfer  advanced  aeronautics,  space  and  related  technologies. 

In  pursuing  these  missions,  NASA's  programs  contribute  to  critical  national  goals 
including  economic  growth  and  competitiveness,  job  creation,  protection  of  the  envi- 
ronment, educational  acliievement,  and  world  leadership  in  basic  science,  mathe- 
matics, and  engineering. 

NASA's  investment  and  research  in  aeronautics  and  aviation  contributes  signifi- 
cantly to  the  commercial  aviation  industry  including  export  sales  of  $40  billion  and 
a  $30  billion  positive  balance  of  trade,  and  supporting  1  million  high-quality  jobs 
in  the  aircraft  manufacturing  and  airline  industries.  NASA's  research  specifically 
has  led  to  advances  and  improvements  in  quieter,  cleaner,  and  more  fuel  efficient 
engines  that  saves  resources  and  reduces  enviromnental  pollution. 

The  Agency's  space  satellites  and  probes  deployed  to  understand  planetary  phe- 
nomena have  revealed  startling  discoveries  about  fundamental  science,  the  age,  ori- 
gin, and  nature  of  the  universe,  and  the  evolution  of  other  planets.  These  missions 
of  discovery  help  the  Nation  maintain  science  leadership,  excites  and  inspires  soci- 
ety, and  strengthens  education  and  science  literacy.  As  is  the  case  with  other  Feder- 
ally supported  science  programs,  the  basic  research  that  is  conducted  in  the  develop- 
ment 01  these  missions  leads  to  societal  benefits  that  can  not  be  predicted  or 
planned  for. 

The  same  technologies  that  are  integrated  into  probes  that  look  to  outer  worlds 
are  also  used  in  the  development  of  spacecraft  that  are  directed  at  the  study  of  our 
home  planet.  Such  spacecraft  are  designed  to  understand  Earth  as  a  total  system 
and  the  effects  of  natural  and  human-induced  changes  on  the  global  environment. 
The  unique  advantage  point  of  space  provides  information  about  Earth's  land,  at- 
mosphere, ice,  oceans,  and  biota  tnat  is  obtainable  in  no  other  way.  Information  ob- 
tained from  Earth  science  research  will  be  used  to  support  the  complex  environ- 
mental policy  decisions  that  lie  ahead  and  are  of  importance  to  all  citizens. 

NASA's  activities  related  to  human  space  travel,  as  manifested  in  the  space  shut- 
tle and  the  space  station,  are  designed  to  bring  the  arena  of  space  fully  within  the 
sphere  of  human  activity  for  the  benefit  of  America  and  all  humankind  in  this  and 
future  generations.  Research  conducted  today  on  space  shuttle  missions,  and  those 
investigations  planned  for  the  space  station  lead  to  breakthroughs  in  technology  and 
engineering  that  have  immediate,  practical  applications  for  life  on  Earth  in  dis- 
ciplines such  as  medical  research  and  microgravity  and  materials  science. 

The  $14  billion  that  is  invested  in  the  Nation's  space  program  represents  less 
than  one  percent  of  the  total  Federal  budget,  a  small  investment  for  a  program  that 
has  relevance  and  makes  a  contribution  to  the  past,  present,  and  future. 

QUESTION:  9.  b)  For  the  next  generation,  what  should  be  the  defining  mission 
of  NASA — human  habitation  of  the  Moon,  human  spaceflight  to  Mars,  or  some  other 
goal? 

Each  generation  must  define  its  own  objectives  according  to  its  resources  and  its 
needs.  Space  research  and  breakthroughs  from  present  experimentation  may  lead 
science  in  directions  which  are  impossible  to  predict.  Moreover,  future  affluence  or 
economies  may  impact  the  nation's  level  of  investment.  Certainly  there  are  compel- 
ling reasons  to  go  back  to  the  Moon,  and  to  undertake  human  missions  to  Mars. 
Equally  important,  however,  are  the  investments  necessary  to  maintain  America's 
competitive  edge  in  space  and  aeronautics.  The  need  to  keep  U.S.  aerospace  indus- 
try m  the  world's  forefront,  to  develop  cutting-edge  technologies  in  aeronautics,  to 
regain  our  lost  share  of  the  space  transportation  market,  and  to  otherwise  assure 
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American  preeminence  in  science  and  engineering,  must  continue  to  be  fixed  goals 
of  succeeding  generations. 

QUESTION:  10.  (a)  What  is  your  assessment  of  the  Space  Station  program? 

Since  the  Space  Station  redesign  effort  in  1993  the  new  program  has  kept  to 
schedule  and  cost  targets.  The  first  element  launch  date  of  November  1997  remains 
intact.  All  major  design  reviews  and  technical  milestones  have  been  accomplished 
on  schedule.  Friase  I  oithe  program  is  well  under  way  with  two  Russian  cosmonauts 
having  flown  aboard  American  Space  Shuttle  Missions,  and  an  American  astronaut 

Sresently  working  aboard  the  Russian  Mir  space  station.  A  Shuttle  rendezvous  with 
[ir  has  been  successfully  accomplished,  and  a  Shuttle-Mir  docking  and  crew  ex- 
change will  occur  in  June.  In  summary,  all  progress  and  events  have  reaffirmed  our 
confidence  in  the  soundness  of  the  concept  and  design,  and  the  cooperative  ability 
of  the  partners  to  work  together  and  succeed. 

QUESTION:  10.  b)  What  do  you  believe  its  major  scientific  benefits  will  be? 

Predicting  the  results  of  labJoratory  research  is  highly  speculative  and  uncertain. 
However,  the  following  enumerates  some  of  the  objectives  to  be  pursued  in  two  gen- 
eral fields  of  science:  medical  research — better  understanding  of  many  functions  of 
the  human  body,  research  into  pharmaceutical,  smaller  and  more  highly-capable 
medical  tools  and  instruments,  new  insights  into  human  health  and  disease,  and 
understanding  of  the  effects  of  long-term  exposure  to  zero  gravity  for  extended  space 
flints;  technology  and  engineering — new  insights  into  industrial  processes,  fluid  dy- 
namics and  combustion,  metal  alloy  solidification,  chemical  storage,  long-life  power 
converters,  waste  management  ana  recycling,  robotic  and  telerobotic  systems  tech- 
nology, lightweight  structures  integration  oi  communications  and  telemetric  data, 
and  new  polymers,  semiconductors,  and  high-temperature  superconductors; 

QUESTION:  10.  c)  In  your  view,  what  are  the  advantages  and  disadvantages  of 
the  Russian  participation  in  the  program? 

Russian  participation  is  a  thoroughly  positive  element  of  this  program.  Their  part- 
nership saves  the  U.S.  some  $2  billion  in  assembly  costs,  produces  a  station  that 
has  more  volume,  a  larger  crew,  more  power,  and  comes  on  line  earlier  than  the 
previous  design.  Moreover,  this  concept  nelps  promote  the  Democratization  of  Rus- 
sia, stimulates  its  market  economy,  and  facilitates  Russia's  entry  into  the  world's 
fainily  of  free  nations.  Unexpected  and  unanticipated  political  reversals  in  Russia 
would  constitute  a  disturbance  to  the  Space  Station  program,  but  contingency  plans 
have  been  developed  to  help  offset  the  effects  of  such  an  unlikely  prospect. 

QUESTION:  10.  d)  Are  you  disturbed  by  recent  reports  that  the  Russians  and  the 
Europeans  appear  to  be  balking  at  future  commitments  to  the  Space  Station  Pro- 
gram? 

As  a  result  of  the  Space  Station  Redesign  effort  and  the  decision  to  invite  Russia 
to  join  the  program  in  1993,  as  well  as  snrinking  space  budgets  in  Europe,  Euro- 
pean participants  asked  ESA  to  reassess  its  contnoution  to  the  program.  This  reas- 
sessment was  conducted  throughout  1994,  and  during  its  March  22-24,  1995,  Coun- 
cil meeting,  ESA  could  not  reach  firm  agreement  on  funding  for  its  anticipated  con- 
tribution to  the  international  Space  Station  program.  This  contribution  consists  of 
the  Columbus  Orbital  Facility  (COF),  a  pressurized  laboratory,  and  the  Ariane-5/ 
Automated  Transfer  Vehicle  (ATV),  a  vehicle  for  the  transport  of  pressurized  and 
unpressurized  logistics. 

The  present  uncertainty  surrounding  the  European  commitment  to  the  program 
involves  the  extent  to  which  individual  European  participants  will  financially  sup- 
port the  ESA  package.  The  big  four  member  states  of  ESA  (Germany,  France,  Italy, 
and  Belgium)  nave  separately  conveyed,  at  executive  and  agency  levels,  their  sup- 
port for  a  continued  European  role  in  the  program;  however,  they  face  budget  envi- 
ronments similar  to  that  of  the  United  States.  In  addition,  the  interplay  of  nine  dif- 
ferent budget  cycles  adds  an  additional  challenge,  as  budget  decisions  are  on  dif- 
ferent timetables  for  each  country.  For  example,  Italy  indicates  that  its  government 
cannot  commit  funds  untU  the  Fall  of  1995. 

For  this  reason,  ESA  did  not  secure  complete  financial  and  legal  endorsement  of 
its  Space  Station  elements  at  the  March  Council.  However,  the  United  States  is 
hopeftil  that  ESA  will  achieve  European  consensus  on  its  Space  Station  contribution 
later  this  year.  The  financial  and  legal  endorsement  is  expected  to  follow  in  October 
at  the  ESA  Ministerial-level  meeting. 

Since  October  1992,  when  NASA  and  the  Russian  Space  Agency  (RSA)  signed  the 
first  agreement  on  human  space  flight,  expectations  have  been  oacked  up  by  real 
achievements.  In  this  short  time,  two  Russian  cosmonauts  have  flown  on  Doard  the 
U.S.  Space  Shuttle,  and  NASA  astronauts  have  been  in  training  in  Russia  for  over 
a  year.  Most  recently.  Astronaut  Norm  Thagard  became  the  first  American  to  fly 
on  board  a  Russian  spacecraft,  and  at  this  moment  he  is  carrying  out  duties  as  a 
crew  member  on  the  Mir  space  station. 
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Russia  is  also  living  up  to  its  commitments  on  the  international  Space  Station. 
Nearly  85  per  cent  of  the  design  drawings  for  the  Functional  Cargo  Block,  the  first 
element  of  the  station  to  be  launched  into  orbit,  are  already  complete.  Coordination 
between  NASA,  RSA,  and  Russian  subcontractors  has  grown  steadily,  with  frequent 
meetings  and  telecoriferences  between  managers  and  technical  experts  at  the  work- 
ing level,  as  well  as  regular  reviews  for  senior  management. 

Russia  is  clearly  going  through  a  difficult  period  as  it  continues  to  move  toward 
a  market  economy  and  to  develop  and  strengthen  democratic  institutions.  The  Rus- 
sian government,  including  President  Yeltsin  and  Premier  Chernomyrdin,  has  dem- 
onstrated strong  support  for  the  space  program.  There  is  no  indication  or  reason  to 
expect  future  political  developments  in  Russian  will  lessen  that  support. 

QUESTION:  10.  e)  Do  you  agree  that,  if  Space  Station  is  not  successful,  the  U.S. 
will  find  it  difficult  to  find  foreign  partners  for  future  joint  science  projects? 

The  International  Space  Station  program  is  the  largest  international  peacetime 
cooperative  program  ever  undertaken,  and  could  well  be  the  model  for  similar  future 
enterprises  of  a  large  and  complex  nature.  If  the  United  States  were  to  fail  to  exe- 
cute its  obligations,  however,  the  effect  on  this  nation's  credibility  and  stature  in 
the  international  community  would  be  catastrophic.  The  international  partners  have 
been  patient  and  loyal  to  the  program  throughout  a  long  and  convoluted  history  of 
schedule  changes,  redesigns  and  re -negotiations.  To  abandon  this  program  at  this 
juncture  would  surely  be  regarded  as  an  unforgivable  breach  and  would  certainly 
nave  a  profound  effect  on  any  future  undertakings  of  a  similar  nature. 

QUESTION:  11.  The  Space  Shuttle  relies  on  1970's  technology  and  costs  over  $400 
million  per  launch  to  fly.  For  that  reason,  NASA  is  proposing  a  new  program  aimed 
at  developing  a  Shuttle  replacement. 

QUESTION:  11.  a)  What  is  your  view  of  the  Reusable  Launch  Vehicle  (RLV)  ini- 
tiative? How  important  is  it  thuit  the  aerospace  industry  share  the  cost  of  developing 
any  test  or  operational  RLVs? 

The  RLV  program  will  develop  the  technology  we  need  to  replace  current  space 
launch  systems — which  are  complex  and  costly  to  operate — with  a  new  generation 
of  low  cost  reusable  launch  vehicles.  The  Reusable  Launch  vehicle  technology  pro- 
gram is  underway.  In  March  1995,  the  Administration  announced  a  cooperative 
agreement  with  three  industry  teams  to  begin  preliminary  design  work  on  a  next 
generation  launch  system  which  might  eventually  replace  the  Space  Shuttle.  This 
program  is  one  of  the  Administration  s  most  important  space  initiatives  as  it  focuses 
on  development  of  new  technologies  and  operational  techniques  which  will  radically 
reduce  the  cost  of  access  to  space. 

Through  the  RLV  prograni,  we  are  building  government/industry  partnerships 
that  will  be  a  key  component  in  developing  an  euicient  and  affordable  system.  These 
partnerships  should  take  advantage  oi  both  the  ability  of  the  Federal  Government 
to  pursue  "high-risk"  technologies  and  the  inherent  efliciencies  that  are  typically 
available  within  the  private  sector.  Clearly,  however,  the  involvement  of  the  private 
sector  should  be  structured  in  such  a  way  that  true  savings  will  result  to  the  Fed- 
eral Government.  Likewise,  major  commitment  or  guarantees  should  be  made  to  the 
private  sector  for  the  commercial  development  of  an  operational  vehicle  only  when 
there  is  significant  confidence  that  the  parties  involved  will  deliver  on  their  commit- 
ments, including  vehicle  performance,  cost  and  efliciencies.  As  the  President's  policy 
notes,  we  wiU  he  looking  at  these  issues  as  part  of  our  overall  decision  in  December 
1996  on  whether  to  proceed  with  development  of  a  subscale  RLV  demonstrator. 

QUESTION:  11.  b)  Do  you  believe  the  pressure  to  cut  costs  at  NASA  may  threaten 
Shuttle  safety? 

Safety  is  always  a  concern  to  everyone  involved  in  the  Shuttle  program.  The  cost- 
cutting  exercises  that  NASA  has  been  involved  in  for  the  past  three  years  have  not 
been  at  the  expense  of  safety.  In  fact,  they  have  been  accompanied  by  a  reduced 
number  of  in-flight  anomalies,  ground  mishaps,  and  quality  problems.  The  hardware 
and  operations  nave  matured,  even  as  the  numbers  of  people  required  to  safely  run 
the  pro-am  have  come  down.  As  NASA  looks  to  further  funding  challenges  in  the 
future,  it  has  been  made  clear  that  safety  will  not  be  sacrificed  lor  the  salce  of  effi- 
ciencies. 

QUESTION:  11.  c)  What  is  your  assessment  of  proposals  to  privatize  the  Space 
Shuttle  and  other  NASA  programs? 

Not  enough  information  is  presently  available  to  fully  assess  privatization  of  the 
Shuttle  program.  However,  as  restructuring  options  are  formulated  and  assessed, 
the  possiDUity  of  privatization  is  being  considered.  Among  these  is  an  option  to  tran- 
sition Shuttle  operations  to  a  single  prime  contractor.  The  options  focus  on  review- 
ing the  Program  requirements  and  management  structure  in  light  of  the  increasing 
maturity  of  Shuttle  operations  and  the  fact  that  most  of  the  hardware  upgrades  de- 
velopment will  be  completed  by  fiscal  year  1998.  Options  include  elements  of  civil 
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servant  down-sizing,  safety  and  mission  assurance  reallocation,  transition  of  oper- 
ational responsibilities  to  contractors  and  consolidation  of  activities  with  the  Space 
Station  Program.  The  transition  timing  from  today's  program  structure  to  a  new 
structure  wfll  be  key  to  its  success.  A  working  group  has  been  formed  to  review  and 
integrate  the  findings  and  recommendations  of  all  the  reviews  and  studies  associ- 
atea  with  restructuring  the  Space  Shuttle  Program.  The  results  of  this  efibrt  are 
expected  in  late  May. 

QUESTION:  12.  Wfiat  are  the  expected  benefits  of  NASA's  Mission  to  Planet  Earth 
program  and  the  larger  federal  global  change  research  initiative? 

The  goal  of  the  U.S.  Global  Change  Research  Program  (GCRP),  which  includes 
NASA's  Mission  to  Planet  Earth  (MTPE),  is  to  provide  the  scientific  and  technical 
information  that  will  allow  us  to  protect  the  environment  and  human  health,  while 
realizing  economic  growth,  job  creation,  and  enhanced  national  security.  The  knowl- 
edge generated  from  these  programs  will  be  used  to  assess  the  impact  of  human  ac- 
tivities on  the  environment;  the  consequences  for  human  health,  ecological  systems, 
and  socio-economic  sectors  including  agriculture,  forestry,  fisheries,  and  water  re- 
sources; and  the  effectiveness  of  various  adaptation  and  mitigation  strategies.  Thus 
these  programs  will  provide  governments  and  the  private  sector  the  scientific  basis 
required  for  informea,  equitaole  and  cost-effective  national  and  international  policy 
formulation  on  a  variety  of  issues  including  climate  change,  ozone  depletion  and 
land-use.  For  example,  farmers,  foresters,  water  and  natural  resource  managers, 
and  state  and  local  governments  will  be  able  to  use  this  information  to  devise  strat- 
egies that  will  allow  them  to  become  more  resilient  to  natural  climate  variability 
(e.g.,  floods,  droughts,  and  heat  waves)  and  extreme  events  (hurricanes,  tornadoes 
ana  cyclones),  ana  will  allow  them  to  devise  strategies  for  mitigating  or  adapting 
to  human-induced  changes  in  climate. 

The  GCRP  is  a  fundamental  scientific  program  that  focuses  on  how  the  Earth  sys- 
tem varies  in  response  to  natural  phenomena  and  human  activities.  The  GCRP, 
which  was  initiated  by  President  Reagan,  significantly  expanded  bv  President  Bush, 
and  continues  to  be  strongly  supported  by  President  Clinton,  was  begun  in  response 
to  increasing  evidence  of  global  scale  changes  in  the  Earth  system  and  the  realiza- 
tion of  the  significance  of  the  potential  consequences  of  such  changes.  The  program 
is  focused  on  four  global  scale  environmental  issues:  climate  change  and  greenhouse 
warming;  interannual  climate  variability;  ozone  depletion  and  UV  radiation;  and 
land  use  and  land  cover  change.  In  each  area,  the  research  effort  is  aimed  at  observ- 
ing, documenting,  and  monitoring  global  scale  changes,  developing  an  understand- 
ing of  the  causes  and  mechanisms  of  change  through  studies  of  Earth  system  proc- 
esses, developing  a  predictive  capability  through  modelling  and  analysis  of  the  com- 
ponents of  the  Eartn  system  and  their  interactions,  determining  the  consequences 
of  change,  and  assessing  the  effectiveness  of  mitigation  and  adaptation  options. 

Climate  change  research  can  help  us  avoid  the  potentially  significant  adverse  ef- 
fects of  natural  climate  variability  (seasonal  and  interannual  time  scales)  and 
human-induced  changes  in  climate  (decades  to  centuries). 

Natural  Climate  Variability:  Largely  due  to  work  undertaken  in  support  of  the 
Tropical  Ocean  Global  Atmosphere  (TOGA)  project  of  the  World  Climate  Research 
Program  (WCRP),  and  the  measurements  of  the  NASA-French  Satellite  Ocean  To- 
pography Experiment  (TOPEX)/Poseidon,  we  have  developed  the  ability  to  monitor 
and  forecast  El  Nino  events,  and  have  begun  developing  the  ability  to  forecast  the 
consequences  (on  agriculture,  human  health,  water  resources,  and  natural  re- 
sources) of  these  events.  The  conseauences  of  these  events  are  truly  global  in  scale, 
affecting  precipitation  patterns  in  North  and  South  America,  Africa,  Europe,  and 
Austraba.  Farmers  in  North  and  South  America  are  already  using  research  fore- 
casts in  planning,  and  hydropower  authorities  are  using  the  same  information  to 
better  manage  the  water  drainage  budgets  in  Brazil.  We  expect  that  these  forecasts 
wiU  become  a  routine  operational  product  that  supports  effective  decisionmaking  in 
crop  selection,  planting  and  harvesting,  as  well  as  helping  mitigate  the  effects  of  ex- 
treme weather  events  such  as  droughts  and  floods.  Better  information  and  forecast- 
ing can  help  us  deal  more  effectively  with  natural  variability. 

Global  Warming:  Recent  advances  in  modelling  have  resulted  in  successful  sim- 
ulations of  the  transient  cooling  of  the  lower  atmosphere  in  response  to  sulfates 
emitted  by  the  eruption  of  Mt.  Pinatubo,  and  in  an  improvement  in  the  accuracy 
of  historical  climate  models  over  the  last  100  years.  We  are  seeing  a  marked  im- 
provement in  the  ability  of  models  to  deal  with  the  incredible  complexity  of  atmos- 
S>heric,  oceanic  and  terrestrial  processes,  and  we  expect  to  see  the  development  of 
iiUy  coupled  Earth  system  models  within  the  next  decade.  When  combined  with  our 
ongoing  improvements  in  remote  sensing  and  in-situ  observational  capabilities  and 
data  management,  this  will  enable  us  to  accurately  predict  the  magnitude  and  the 
regional  consequences  of  climate  change.  The  impact  of  changes  in  climate  on 
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human  health,  natural  ecological  systems,  and  socio-economic  sectors  such  as  agri- 
culture, forestry,  fisheries,  water  resources,  and  human  settlements  could  be  greatly 
reduced  by  a  predictive  capability. 

Science 

QUESTION:  13.  Similar  to  the  debate  about  industrial  policy,  policymakers  argue 
about  the  merits  of  basic  research  versus  "strategic  research" — that  is.  research  aimed 
at  some  important  national  need.  What  is  your  position  on  this  subject?  Does  basic, 
curiosity-driven  research  suffer  when  too  much  emphasis  is  placed  on  strategic  re- 
search? 

The  proliferation  of  such  terms  as  "basic",  "strategic",  and  others  to  describe  re- 
search has  added  much  confusion  to  an  already  complex  topic.  Much  of  the  confu- 
sion stems  from  a  desire  to  assi^  distinct,  mutually  exclusive  definitions  to  activi- 
ties that  are  inherently  overlapping  and  integrated. 

Federal  support  for  civilian  scientific  research  is  almost  entirely  for  basic  re- 
search. Further,  the  preponderance  of  the  research  are  in  areas  of  clear  importance 
to  the  nation.  We  woula  prefer  to  identify  this  approach  as  "research  in  strategic 
areas."  Excellent  research  in  strategic  areas  is  not  aifferent  from  the  traditional  cu- 
riosity-driven or  basic  research  that  has  produced  many  of  scientific  breakthroughs. 
The  emphasis  on  research  in  strategic  areas  is  entirely  consistent  with  a  traditional 
commitment  to  basic  research.  Thus  "strategic"  and  "basic"  are  not  either/or  cat- 
egories. 

Virtually  all  of  the  research  funding  provided  by  agencies  such  as  the  National 
Science  Foundation  (NSF)  is  focused  on  unanswered  questions  in  science  and  engi- 
neering with  unpredictable  outcomes.  Yet  this  research  is  often  simultaneously  in- 
fluenced or  inspired  by  current  problems  and  potential  applications.  Basic  research 
in  computational  geometry,  for  example,  shares  a  close  relationship  with  many  in- 
dustrial chaUenges — such  as  virtual  prototyping,  virtual  manufacturing,  and 
networking  of  laboratories  and  factories. 

In  our  view,  there  must  be  a  balance  between  research  in  areas  of  obvious  strate- 
gic importance  to  the  nation,  and  research  in  other  areas  of  science,  whose  contribu- 
tions are  not  as  easy  to  foresee,  because  we  may  be  surprised  by  its  contributions 
in  the  future.  There  must  also  be  appropriate  balance  across  scientific  areas.  We 
think  the  FY96  budget  does  this. 

QUESTION:  14.  Some  segments  of  the  scientific  community  have  argued  that  "Big 
Science"  programs  like  Space  Station  drain  needed  federal  funds  from  the  "Small 
Science"  programs  which  favor  academic  research.  Do  you  agree  with  that  view?  How 
do  we  develop  a  proper  balance  between  Big  Science  and  Small  Science? 

The  "Big  Science  versus  "Little  Science^  issue  is  one  that  comes  to  the  fore  from 
time  to  time  but  most  often  when  a  large  and  costly  project  is  under  consideration. 
The  federal  government  is  not  wedded  to  a  particular  way  of  doing  science — it  is 
committed  to  maintaining  leadership  across  the  frontiers  of  scientific  Knowledge  and 
to  producing  the  finest  scientists  and  engineers  for  the  twenty-first  century.  Meeting 
these  objectives  at  any  particular  time  requires  a  mix  of  the  highest  quality  of  both 
big  and  small  science.  We  believe  that  we  are  very  nearly  at  the  appropriate  balance 
point  between  what  are  referred  to  as  "Big  Science"  and  "Small  Science"  consistent 
with  the  commitments  listed  above. 

In  drawing  up  the  federal  science  budget,  the  OSTP,  0MB  and  the  federal  agen- 
cies address  the  issue  of  this  balance.  For  example  in  preparing  the  FY  1996  Presi- 
dent's budget,  it  was  felt  necessary  to  add  resources  to  increase  the  utilization  of 
the  large  user  research  facilities  operated  by  the  DoE  for  the  nation's  R&D  commu- 
nity. TTiese  facilities  are  developing  a  serious  backlog  of  first  rate  experiments  that 
had  been  proposed  by  their  respective  user  communities.  Providing  the  incremental 
funds  that  allow  several  thousand  scientists  effective  access  to  the  research  facilities 
of  their  choice  is  a  prudent  investment  of  federal  funds  and  will  greatly  increase 
the  overall  store  of  scientific  knowledge  and  will  serve  to  provide  vital  research  ex- 
perience to  hundreds  of  young  scientists.  Does  this  represent  support  of  "Big 
Science"  because  the  facilities  are  large  or  is  it  support  of  "Small  Science"  because 
it  £illows  university  researchers  and  their  students  to  carry  out  the  research  of  their 
choosing  which  requires  resources  uniquely  available  at  these  large  facilities?  The 
issue  should  not  be  cast  in  terms  of  small  versus  large,  but  rather  one  of  how  the 
U.S.  remains  at  the  forefront  of  research  and  effectively  train  tomorrow's  scientists 
and  engineers  with  available  resources.  This  is  a  challenging  issue  on  which  we  con- 
tinually seek  input  and  advice  from  many  quarters. 

QUESTION:  15.  Several  years  ago.  we  used  to  hear  that  the  U.S.  was  facing  a 
severe  scientific  workforce  shortage.  In  fact,  there  was  a  prediction  of  a  shortfall  of 
scientists  and  engineers  by  the  year  2006.  However,  last  year,  a  Washington  Post  se- 
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ries  suggested  that  there  is  a  huge  number  of  researchers  chasing  a  handful  of  re- 
search grants.  Which  is  the  more  accurate  depiction  of  the  current  and  future  supply 
of  scientists  and  engineers  to  handle  the  Nation's  R&D  demands? 

The  issue  of  workforce  supply  of  scientists  and  engineers  has  been  raised  a  num- 
ber of  times  over  the  years.  The  earlier  prediction  of  a  scientific  workforce  shortage, 
as  well  as  the  recent  observation  that  research  grant  funding  is  increasingly  com- 
petitive, are  both  valid  depictions.  These  depictions,  however,  reflect  only  the  supply 
of  scientists  and  engineers  within  the  academic  job  market,  and  do  not  address  the 
issue  of  employment  of  these  professionals  throughout  the  broader  workforce. 

Earlier  discussions  about  a  scientific  workforce  shortage  were  predicated  on  the 
prediction  that  in  the  early  2l8t  century,  there  would  be  high  demand  for  scientists 
because  of  pending  retirement  of  university  faculty.  Looking  at  the  age  pyramid  of 
university  faculty  across  the  nation,  it  was  logical  to  expect  an  excess  of  academic 
positions  and  an  insufficient  pool  of  candidates.  Given  the  current  fiscal  health  of 
universities,  however,  these  replacement  positions  have  not  materialized  in  the 
numbers  expected.  The  reduction  in  job  availability  appears  to  reflect  attrition  in 
faculty  positions.  While  faculty  are  retiring,  as  predicted,  their  vacated  positions  are 
not  being  filled,  and  the  teaching  burden  is  being  distributed  across  existing  faculty. 
Further,  major  public  institutions  are  faced  witn  the  twin  problems  of  enrollment 
decline  and  shrinking  state  support.  For  all  of  these  reasons,  the  academic  job  mar- 
ket is  not  expanding  at  a  rate  commensurate  with  our  production  of  scientists  8md 
engineers.  In  addition  to  the  dearth  of  university  positions,  it  is  also  true  that  the 
rate  of  growth  of  research  funding  is  slow  and  has  not  kept  pace  with  the  increasing 
demand  and  competition  for  funds.  At  NSF  and  NIH,  for  example,  the  percentage 
of  approved  grants  that  receive  funding  has  decreased  over  time. 

The  paucity  of  academic  positions  and  the  difficulty  in  acquiring  federal  research 
grants  should  not  necessarily  be  interpreted  as  reflecting  an  overproduction  of  sci- 
entists and  engineers.  A  broader  view  of  the  production  issue  is  that  scientists  and 
engineers  receive  training  that  prepares  them  for  a  much  wider  selection  of  employ- 
ment opportunities.  Education  in  science  and  engineering  develops  skills  and  talents 
that  are  useful  outside  of  academia.  Just  as  law  students  have  learned  that  practic- 
ing law  is  only  one  available  emplovment  option,  science  and  engineering  students 
must  learn  to  pursue  the  jobs  outside  of  academia.  The  world  is  relying  increasingly 
on  science  and  technology  for  economic  growth  and  job  development.  The  future  job 
market  for  scientists  and  engineers  may  not  be  growing  in  academia,  but  there  is 
increasing  demand  in  industry.  Indeed,  the  data  suggest  that  job  growth  occurring 
in  industry  is  faster  than  in  academia.  The  number  of  jobs  for  Ph.D.  scientists  and 
engineers  in  industry  rose  by  18%  between  1987  and  1991.  Indeed,  the  job  market 
for  scientists  and  engineers  has  expanded  from  academia  and  now  includes  growing 
opportunities  in  industry,  on  Wall  Street,  and  in  management. 

QUESTION:  16.  Many  believe  that  the  science  and  math  skills  of  our  Nation's 
young  people  lag  behind  those  of  their  counterparts  in  many  other  countries.  Is  this 
true  and,  if  it  is.  what  policies  should  the  federal  government  adopt  to  turn  this  situ- 
ation around?  What  lessons  can  the  U.S.  learn  from  the  science  education  programs 
of  Japan  and  other  foreign  countries  and  how  does  the  U.S.  approach  differ  from 
theirs? 

Over  the  years,  research  on  science  and  math  education  has  focused  increasing 
attention  on  cross-cultural  differences  in  achievement  and  educational  programs 
that  midit  improve  the  academic  performance  of  U.S.  students.  According  to  a  1992 
study  01  cross-national  achievement  scores  in  mathematics,  U.S.  nine-year  olds  score 
significantly  below  their  same-age  counterparts  in  several  other  countries.  Yet  the 
achievement  scores  for  science  suggest  that  U.S.  nine-year  olds  score  at  a  level  com- 
mensurate with  students  in  other  countries  participating  in  the  study.  High  school 
achievement  was  less  optimistic,  with  U.S.  thirteen  year-old  students  scoring  below 
students  from  a  wide  range  of  countries  in  both  science  and  mathematics.  Dif- 
ferences in  scores  most  likely  reflect  a  complex  interaction  of  factors,  including  cur- 
riculum differences,  resources,  and  cultural  values  and  expectations.  Preliminary 
data,  from  a  study  in  progress,  suggest  that  science  and  mathematics  curricula  in 
the  United  States  are  broader  than  in  many  other  countries,  thus  resulting  in  a 
unique  burden  on  teachers  who  must  offer  instruction  in  a  wide  array  of  topics. 
Within  the  United  States,  achievement  scores  vary  greatly.  The  primary  diflerences 
among  American  students  appear  to  represent  economic  ddfferences  and  resource  al- 
location to  education.  Differences  between  states,  and  racial  and  ethnic  differences, 
for  example,  appear  to  be  attributable  to  these  economic  factors. 

The  National  Science  Foundation  and  the  Department  of  Education  have  devel- 
oped programs  to  improve  K-12  science  and  mathematics  education.  These  programs 
support  local  and  state  efforts  to  improve  and  reform  education,  and  include  pro- 
grams of  systemic  reform,  curriculum  development,  professional  development  for 
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teachers,  and  the  creation  of  hands-on  learning  opportunities  for  children  and  for 
teachers.  The  National  Academy  of  Sciences  and  the  science  and  mathematics  com- 
munities are  also  £ictive  in  these  programs  and  in  related  activities.  In  the  past  sev- 
eral years,  we  have  begun  to  see  the  oenefits  of  this  attention  to  science  and  mathe- 
matics education.  Since  1982,  scores  have  increased  on  a  variety  of  science  and 
math  achievement  measures.  Enrollment  in  high  school  science  and  math  courses 
has  increased.  And  in  the  past  few  years,  there  has  been  an  increase  in  the  number 
of  teachers  who  have  taken  advanced  mathematics  courses,  but  a  comparable  in- 
crease for  science  teachers  has  not  been  evident.  It  is  clear  that  many  of  our  stu- 
dents are  benefitting  from  programs  and  policies  that  already  exist,  even  though 
many  of  these  programs  and  policies  are  not  widely  used.  "Hands-on,  minds-on"  ex- 
periences for  students  and  for  teacher  professional  development,  for  example,  have 
improved  the  achievement  of  students,  the  competence  of  teachers,  and  the  motiva- 
tion and  excitement  for  both  groups,  even  thougn  this  approach  is  not  widely  imple- 
mented. 

Current  research  efforts  to  evaluate  the  cross-national  differences  in  education 
systems  will  include  an  examination  of  the  Japanese  system.  The  results  are  ex- 
pected to  be  complete  by  1996.  The  pending  study  notwithstanding,  there  are  some 
comparative  issues  that  should  be  mentioned.  Primarily  it  is  known  that  our  edu- 
cational system  for  science  and  mathematics  is  not  balanced.  Our  university  pro- 
grams are  the  best  in  the  world,  as  evidenced  by  the  influx  of  foreign  students  who 
request  admission  to  U.S.  institutions  of  higher  learning.  Further,  the  Japanese  are 
concerned  that  their  system  stifles  creativity  and  imagination  and  they  are  looking 
at  our  system  to  learn  how  we  produce  innovative  scholars.  It  is  our  system  of  ele- 
mentary and  secondary  education  that  shows  the  greatest  comparative  weaknesses. 
Our  very  best  K-12  students,  however,  appear  to  perform  as  well  as  their  counter- 
parts in  other  countries.  The  primary  weakness  oi  our  system  appears  to  be  in  the 
education  of  our  general  student  body.  It  is  believed  that  systems  (and  cultures) 
such  as  the  Japanese  are  more  regimented  and  result  in  more  efficient  learning  of 
basic  information.  When  the  1996  report  becomes  available,  we  should  gain  a  better 
understanding  of  the  components  of  the  foreign  systems  that  promote  better  learn- 
ing of  science  and  math  for  the  general  student  body,  as  well  £is  a  deeper  under- 
standing of  the  strengths  and  weaiknesses  of  our  own  system. 

National  Laboratories 

QUESTION:  17.  Our  system  of  700  federal  labs  is  an  enormous  national  asset. 
However,  som£  critics  argue  that,  in  this  post-Cold  War  era,  many  of  the  labs  have 
outlived  their  usefulness  and  are  simply  perpetuating  themselves. 

How  do  make  the  labs  more  relevant  to  the  post-Cold  War  needs  of  our  Nation? 
Do  you  believe  that  the  labs'  basic  research  proposals  should  compete  with  our  Na- 
tion's research  universities? 

The  three  largest  Federal  laboratoiy  systems,  those  of  the  Department  of  Defense, 
the  Department  of  Energy,  and  the  National  Aeronautics  and  Space  Administration, 
account  for  at  least  three-quarters  of  what  the  Federal  Government  spends  in  its 
laboratories.  These  three  systems  were  each  reviewed  individually  over  the  past 
year  or  two,  and  they  are  the  subject  of  an  interagency  review  by  the  National 
Science  and  Technology  Council  that  is  virtually  complete  but  not  yet  published. 
The  individual  reviews  concluded  that  each  agency's  laboratory  systems  are  able  to 
meet  important  national  needs  of  the  f)ost-Cold  War  era.  The  DOD  labs  are  aimed 
primarily  at  meeting  national  security  needs.  DOE  labs  have  important  missions  in 
basic  and  applied  energy  research,  national  security,  environmental  science  and 
technology,  and  fundamental  science.  NASA  Centers  meet  national  needs  in  aero- 
space science  and  technology,  and  astronomy,  astrophysics,  and  earth  sciences. 

For  example,  NASA's  four  aeronautical  Kesearcn  Centers  conduct  research  and 
technology  activities  to  address  key  national  requirements  related  to  aviation  safety, 
environmental  compatibility,  and  air  transportation  infrastructure  capacity  and  pro- 
ductivity. In  addition,  these  Centers  conduct  longer-term,  higher-risk  research  in 
basic  aeronautical  technologies  to  help  keep  the  United  States  competitive  in  aero- 
nautics and  aviation.  NASA's  Researcn  Centers  also  provide  critical  research  infra- 
structure— wind  tunnels,  computers  and  simulators,  research  aircraft,  and  propul- 
sion test  facilities — to  a  range  of  government,  industry,  and  university  users.  All  of 
these  activities  are  conducted  in  close  cooperation  with  NASA's  government,  indus- 
try and  academic  customers  and  partners  to  ensure  that  highest-priority  require- 
ments are  being  addressed  in  the  most  cost-effective  manner. 

These  laboratories  have  some  very  important  special  capabilities  in  fundamental 
science.  The  DOE  labs  possess  Itirge  facilities — mostly  too  large  for  universities  or 
industry — that  support  basic  research  in  physics,  chemistry,  materials  science,  and 


131 

certain  areas  of  biology  and  earth  science.  NASA  conducts  certain  research  in  as- 
tronomy, astrophysics,  and  the  Earth  environmental  system,  that  depend  entirely 
on  NASA  facilities,  such  as  the  Hubble  Space  Telescope.  Most  of  DOD  s  support  for 
science  goes  to  universities,  but  some  research  that  is  especially  relevant  to  defense, 
or  requires  large  facilities,  is  done  in  DOD  labs.  All  three  agencies  support  univer- 
sity science,  though  DOE  spends  a  larger  proportion  of  its  science  funoing  in  house 
than  the  others  do.  In  a  time  of  tighter  budgets,  all  three  may  need  to  guard  against 
a  natural  institutional  tendency  to  preserve  science  activities  in  house. 

QUESTION:  18.  In  February,  a  special  task  force  chaired  by  Motorola  CEO  Calvin 
released  a  highly  critical  report  on  the  DOE  labs.  One  of  the  report's  recommenda- 
tions is  to  "corporatize"  the  labs  system.  The  Report  recommends  establishing  a  not- 
for-profit  corporation  to  manage  and  allocate  funding  throughout  the  DOE  labs  sys- 
tem. 

QUESTION:  18.  a)  What  do  you  thing  of  the  Report's  recommendation  that  the 
DOE  labs  system  be  run  like  a  corporation?  What  are  the  advantages  of  this  ap- 
proach over  the  current  system  of  management? 

We  do  agree  with  the  conclusion  of  the  Galvin  Task  Force  that  governance  by  the 
Department  of  Energy  of  its  major  laboratories  is  broken  and  must  be  repaired.  The 
government-owned,  contractor-operated  system  that  once  offered  flexibility  and  free- 
dom from  red  tape  has  become  so  burdened  with  orders,  directives,  audits  and  re- 
views that  the  labs'  scientific  work  is  suffering  severely. 

We  agree  with  the  diagnosis.  While  the  prescription — to  "corporatize"  the  labs — 
has  an  immediate  appeal,  it  also  raises  significant  concerns.  It  would  seem  to  re- 
quire that  Congress  cede  a  substantial  measure  of  authority  over  federal  R&D 
spending  and  a  Toss  of  accountability  for  public  funds. 

Another  approach — one  that  the  Galvin  Task  Force  recommended  as  an  alter- 
native— is  aggressive  action  by  DOE  to  put  its  house  in  order.  And  in  fact,  DOE  is 
drastically  reducing  and  simplifying  orders  and  directives  to  its  laboratories,  and 
limiting  its  own  reviews  and  audits  of  the  labs.  DOE  is  also  reinventing  itself  as 
an  agency,  removing  layers  of  management  and  improving  efficiency. 

In  addition,  a  new  Laboratory  Operations  Board,  composed  of  senior  department 
ofiicials  and  distinguished  private  sector  advisors,  will  provide  high-level  strategic 
direction  for  the  labs;  develop  a  mission  statement  for  the  lab  system  and  tightly 
focused  missions  for  each  lab;  and  monitor  the  department's  prop^ess  in  lifting  bu- 
reaucratic burdens  from  the  labs.  The  result  should  be  greater  efficiency,  less  waste- 
ful duplication,  and  a  focus  by  each  lab  on  work  that  exploits  its  best  capabilities 
and  contributes  to  post-Cold  War  national  needs. 

QUESTION:  18.  b)  What  is  your  view  of  the  [Calvin]  report's  findiries  and  rec- 
ommendations in  general  and  is  it  appropriate  to  apply  them  to  non-DOE  federal 
labs?  Does  the  Administration  plan  to  implement  any  of  the  Report's  recommenda- 
tions? 

The  Galvin  Report's  findings  are  quite  specific  to  the  DOE  labs.  Most  of  the  rec- 
ommendations would  be  hard  to  generalize,  especially  those  related  to  DOE  govern- 
ance of  its  labs,  since  DOE  labs  are  government-owned  and  contractor-operated 
(GOCOs),  whereas  most  other  government-owned  labs  are  government-operated 
(GOGOs).  However,  NASA  labs  were  also  reviewed  by  an  external  task  force, 
chaired  by  Dr.  John  Foster.  DOE  and  NASA  are  both  aggressively  carrying  out  most 
of  the  reconmiendations  made  by  their  respective  Task  Forces.  The  Administration 
expects  them  to  carry  these  efforts  through  to  completion. 

Joint  Industry-Government  R&D 

QUESTION:  19.  I  believe  the  joint  research  being  done  under  Cooperative  Research 
and  Development  Agreements  (CRADAs)  between  the  federal  labs  and  industry  is  one 
of  most  effective  technology  transfer  mechanisms.  What  can  the  federal  government 
do  to  encourage  more  companies  to  do  joint  research  with  government? 

One  way  to  encourage  more  joint  research  with  private  companies  is  to  apply  our 
streamlining  and  reinvention  principles  to  the  CRADA  process.  The  number  of 
CRADAs  approved  has  risen  steeply  since  1993,  reflecting  our  initial  efforts  to  sim- 
plify and  improve  the  process  by  which  these  agreements  are  made.  In  addition  to 
developing  model,  modular  CRADAs  with  preapproved  terms  and  conditions  (easing 
the  burden  on  researchers  and  ensuring  a  certain  level  of  consistency  and  fairness 
in  the  agreements),  the  Administration's  continuing  efforts  include:  making  it  easier 
for  industry  to  find  the  right  technical  capabilities  throughout  the  federal  complex; 
working  with  industry  sectors  to  define  partnerships  that  address  their  most  impor- 
tant common  problems;  developing  better  metrics  to  measure  the  outcomes  of 
CRADAs;  and  continuing  to  streamline  and  ensure  consistency  in  the  CRADA  proc- 
ess. 
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QUESTION:  20.  a)  What  procedures  are  in  place  to  evaluate  the  benefits  of  the 
CRADAs? 

The  evaluation  system  for  CRADAs  includes  measures  of:  the  process,  including 
the  time  it  takes  to  conclude  agreements;  the  results,  including  the  technical  out- 
comes of  individual  projects,  the  meeting  of  milestones  and  the  generation  of  intel- 
lectual property;  and  the  impacts,  including  such  things  as  jobs  created,  gross  sales, 
environmental  benefits,  energy  efficiencies,  or  improvements  in  health  care. 

QUESTION:  20.  b)  Do  we  have  any  way  of  measuring  the  value  of  the  federal  gov- 
ernment's contribution  to  individual  CRADAs? 

DOE  labs  are  the  most  active  among  Federal  labs  in  CRADA  participation.  They 
measure  their  contribution  to  individual  CRADAs  on  a  total  cost  basis,  including 
overhead.  This  includes  expenses  that  can  be  directly  attributed  to  the  CRADA 
work,  such  as  salaries  of  investigators  and  the  cost  of  supplies  used,  as  weU  as  indi- 
rect expenses  such  as  supervision,  general  overhead  and  depreciation  of  capital  as- 
sets. As  of  May  16,  1995,  DOE  labs  were  partners  in  1332  CRADAs.  The  total  value 
of  these  agreements  was  $2,341,768,084,  of  which  the  Federal  share  was 
$1,013,357,528,  or  43.3  percent.  Most  DOE  CRADAs  require  at  least  a  50  percent 
contribution  from  private  sector  partners,  although  there  are  exceptions,  as  for  in- 
stance for  smsill  businesses. 

DOE  labs  are  government  owned  and  government  operated  (GOCOs).  Some  gov- 
ernment-owned government-operated  laboratories  (GOGOs)  are  more  flexible  in  the 
required  contribution  from  partners.  For  example,  the  laboratories  of  the  National 
Institute  of  Standards  and  Technology  do  not  require  a  set  percentage,  but  vary  the 
proportion  case-by-case;  the  Federal  share  might  vary  from  5  percent  to  as  much 
as  90  percent,  depending  on  the  purpose  of  the  CRADA  in  relation  to  NIST  mis- 
sions. In  general,  the  Federal  contribution  is  counted  in  much  the  same  way  as  in 
the  DOE  labs,  that  is,  it  includes  both  direct  and  indirect  expenses. 

Information  Superhighway 

QUESTION:  21.  The  information  superhighway  has  the  potential  of  dramatically 
changing  the  way  we  work  and  live.  The  superhighway  will  be  of  particular  benefit 
to  people  in  rural  states  like  Montana,  who  will  be  able  to  take  advantage  of 
telemedicine,  telecommuting,  wireless  communications,  and  other  enabling  tech- 
nologies. 

QUESTION:  21.  a)  What  is  the  status  of  the  national  effort  to  construct  an  infor- 
mation superhighway? 

The  Administration  has  made  the  creation  of  the  National  Information  Infrastruc- 
ture (Nil)  a  top  priority.  The  information  superhighway — the  telecommunications 
networks  that  tie  together  the  Nil — are  but  one,  very  important  part  of  that  infra- 
structure. The  Nil  includes  networks,  "information  appliances"  (e.g.  TVs,  comput- 
ers, telephones)  that  attach  to  them,  information  that  flows  over  the  Nil,  and  people 
who  build,  run,  and  use  it.  As  part  of  the  Administration's  Nil  initiative,  we  are 
working  closely  with  industir  and  Congress  on  each  of  these  components  and  are 
making  very  good  progress.  It  is  important  to  realize  however  that  parts  of  the  in- 
formation superhighway  already  exist  and  that  it  will  continue  to  evolve — as  Andy 
Grove,  the  CEO  oi  Intel,  has  said,  "There  won't  be  a  ribbon-cutting  for  the  informa- 
tion highway." 

QUESTION:  21.  b)  What  will  be  the  chief  benefits  for  rural  states? 

I  would  argue  that  rural  states  will  benefit  even  more  than  the  rest  of  the  country 
from  the  development  of  the  NIL  The  NH  will  enable  all  Americans  to  have  instant 
access  to  the  information  they  want,  whenever  and  wherever  they  want,  at  an  af- 
fordable price.  Teachers  and  students  in  rural  schools  will  be  able  to  tap  into  a  digi- 
tal Library  of  Congress  and  communicate  with  scientists,  teachers,  and  other  stu- 
dents around  the  country  and  around  the  world.  Projects  like  the  Big  Sky  Telegraph 
in  Montana  are  already  demonstrating  the  power  of  distance  learning,  which  one 
day  soon  wiU  be  as  commonplace  as  faxing  is  today. 

By  shrinking  distance  and  time,  the  Nil  will  enable  small  companies  in  rural 
areas  to  be  more  tightly  integrated  into  the  global  economy.  By  giving  people  in 
rural  areas  new  job  opportunities,  the  Nil  will  slow  or  even  reverse  the  flow  of  peo- 

f)le  from  rural  areas  to  our  cities,  enabling  Americans  to  enjoy  a  high  standard  of 
iving  wherever  they  choose  to  live.  Already,  millions  of  Americans  telecommute  to 
work  using  computer  networks  and  fax  machines. 

QUESTION:  21.  c)  What  are  the  appropriate  roles  for  the  federal  government  and 
the  private  sector  in  building  and  operating  the  superhighway?  How  do  we  insure 
that  government  does  not  perform  functions  that  can  just  as  easily  be  done  by  the 
private  sector? 
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The  private  sector  will  own  and  operate  the  National  Information  Infrastructure. 
That  said,  there  are  a  number  of  important  roles  for  the  Federal  government  in  pro- 
moting the  development  of  the  NIL  First,  the  Federal  government  has  a  key  role 
to  play  in  funding  long-term  research  on  the  fundamental  technologies  needed  for 
the  Nil.  Federal  R&D  programs  like  the  HPCC  Program  provide  funding  for  risky, 
long-term  research  that  industry  has  been  unwilling  or  unable  to  fund  because  a 
single  company  cannot  capture  the  benefits  of  such  generic  research.  Wherever  pos- 
sible, the  Federal  government  looks  for  private-sector  partners  to  share  the  cost  and 
ensure  that  technologies  developed  are  rapidly  transferred  to  the  marketplace.  Over 
the  last  four  decades,  the  Federal  government,  especially  DOD  and  NASA,  has  in- 
vested billions  of  dollars  in  this  area — funding  many  of  the  breakthrough  tech- 
nologies that  have  made  the  Nil  possible  (e.g.  the  Internet,  UNIX,  and  the  computer 
workstation).  As  a  result,  the  \J.S.  leads  the  world  in  many  areas  of  information 
technology.  While  industry  provides  the  lion's  share  of  R&D  funding  in  this  area, 
most  industry  R&D  funding  goes  to  short-term  product  development,  which  of 
course  often  relies  upon  tecmiologies  developed  in  government-funded  long-term  re- 
search programs. 

The  government  must  be  an  effective  user  of  information  technology.  The  Admin- 
istration is  conrmiitted  to  using  computer  and  networking  technology  to  make  gov- 
ernment user-friendly,  on-line,  and  less  costly.  In  addition,  we  are  promoting  the 
use  of  the  Nil  in  the  non-profit  sector  by  providing  funding  for  pilot  projects  through 
programs  like  the  Telecommunications  and  Information  Infrastructure  Applications 
Program  at  the  National  Telecommunications  and  Information  Administration.  Over 
90  matching  grants  have  been  awarded  to  link  schools,  hospitals,  emd  other  non- 
profit organizations  to  the  Internet. 

Government  also  has  an  important  role  in  protecting  privacy,  security,  and  intel- 
lectual property  on  the  information  highway  and  must  have  assured  access  to  an 
"emergency  lane"  for  national  security  and  disaster  response  needs  in  times  of  emer- 
gency. The  Administration  has  undertaken  a  number  oi  initiatives  in  this  area. 

Lastly,  and  perhaps  most  important,  the  Federal  government  needs  to  overhaul 
outdated  telecommunications  regulations  that  stand  m  the  way  of  the  development 
and  deployment  of  the  NIL  That  is  why  we  are  pleased  that  the  Senate  Commerce 
Committee  has  recently  reported  out  legislation  to  remove  many  of  the  barriers  to 
competition  in  the  telecommunications  sector.  We  hope  that  one  day  soon  "any  com- 
pany will  be  able  to  offer  any  service  to  any  customer."  If  we  can  replace  regulation 
with  competition,  then  American  consumers  will  enjoy  more  choice,  lower  prices, 
and  higher  quality  in  telephone,  cable  TV,  and  networking  services.  But  we  must 
have  real  competition  and  that  is  why  the  Administration  is  working  with  the  Com- 
mittee and  others  in  the  Senate  to  improve  the  legislation  in  order  to  ensure  that 
consumers  are  protected  from  monopoly  power  and  that  incumbent  providers  are  not 
able  to  block  the  entry  of  new  competitors  into  the  marketplace. 

QUESTION:  21.  d)  What  portion  of  the  current  federal  R&D  budget  and  the  FY96 
budget  request  is  devoted  to  the  "High  Performance  Computing  and  Communications 
Initiative"?  What  specific  activities  are  supported  by  the  HPCC  funding? 

Of  $72.9  B  in  the  proposed  FY  1996  Federal  R&D  budget,  $1.14  B  (1.6%)  is  allo- 
cated to  the  High  Performance  Computing  and  Communications  (HPCC)  Program. 
Of  the  $72.7  B  in  the  estimated  Fiscal  1995  R&D  budget,  approximately  $1.08  B 
(1.5%)  is  allocated  to  the  HPCC  Program. 

A  strong  research  program  in  communications  and  computers  is  essential  for  the 
economic  health  and  national  security  of  the  United  States.  Both  depend  increas- 
ingly on  the  development  and  effective  use  of  advanced  information  and  tele- 
communications technologies.  The  Administration's  budget  request  includes  funds 
that  will  enable  scientists  and  engineers  in  government  labs,  universities,  and  in- 
dustry to  continue  their  leading-edge  research,  which  has  given  the  U.S.  a  clear  lead 
in  key  information  technologies. 

The  High  Performance  Computing  and  Communications  Program  is  on  the  brink 
of  accomplishing  two  of  its  most  ambitious  goals:  (1)  a  scalable  computer  capable 
of  sustaining  one  trillion  operations  per  second;  and  (2)  development  of^  a  nationwide 
network  capable  of  transmitting  a  billion  bits  per  second.  Both  of  these  goals  rep- 
resent a  factor  of  1000  gain  over  what  was  possible  three  years  ago  when  the  pro- 
gram began. 

The  IffCC  F*rogram  is  a  comprehensive,  well-balanced  program  funding  research 
in  a  wide  range  of  promising  areas.  The  five  components  of  the  FY  1996  Program 
are: 

-High  performance  computing  systems 

-The  National  Research  and  Education  Network 

-Advanced  Software  Technology  and  Algorithms 

-Basic  research  and  human  resources 
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-Information  Infrastructure  Technology  and  Applications 

OSTP  recently  released  the  HPCC  annual  report,  which  presents  a  very  detailed 
description  of  hundreds  of  exciting  projects  supported  by  tne  HPCC  program.  The 
report  also  indicates  how  one  can  use  the  Internet  to  get  more  details  on  these 
projects. 

EPSCoR  Program 

QUESTION:  22.  We  appreciate  OSTFs  interest  in  the  EPSCoR  program  and  the 
report  which  you  preparea.  If  I  look  at  the  Administration's  budget  request,  however, 
I  find  that  except  in  rfSF  we  don't  receive  much  support.  The  result  is  that  Congress 
adds  funds  for  EPSCoR  each  year  only  to  see  the  budget  drop  back  down  outside 
NSF.  Can  OSTP  do  anything  to  help? 

Questions  No.  22  and  23  answered  under  Question  No.  23. 

QUESTION:  23.  We  are  still  having  difficulties  with  coordination  of  the  non-NSF 
EPSCoR  programs.  You  prepared  a  report  on  the  federal-wide  effort,  but  coordina- 
tion appears  to  remain  a  very  difficult  problem.  Is  there  anything  further  that  OSTP 
can  do  to  help  with  coordination? 

OSTP  continues  to  support  the  primary  purpose  of  EPSCoR  to  improve  the  quality 
of  science  and  enhance  the  competitiveness  for  federal  research  fnnding  of  scientists 
in  eligible  states.  Coordination  of  agency  efforts  continues  through  the  EPSCoR 
Interagency  Coordinating  Committee  (EICC),  convened  by  its  Executive  Secretary  at 
NSF.  Agency  representatives  meet  monthly  to  share  perspectives  and  jointly  ad- 
dress issues  of  common  concern.  There  is  a  joint  effort  underway  to  develop  appro- 
priate ways  to  evaluate  the  EPSCoR  programs.  A  Strategic  Planning  Guide  is  being 
written  that  will  assist  states  in  developing  their  state  science  and  technology  plans. 
This  guide  is  expected  to  be  disseminated  by  the  fall.  The  agency  representatives 
also  are  developing  an  interagency  strategic  planning  document,  which  is  likely  to 
be  available  by  late  fall. 

OSTP  works  closely  with  0MB  and  the  other  member  departments  and  agencies 
of  the  National  Science  and  Technology  Council  (NSTC)  in  aeveloping  budget  prior- 
ities and  principles  and  coordinating  the  research  efforts  of  the  federal  government. 
Through  the  NSTC  process,  OSTP  will  encourage  further  attention  to  EPSCoR  as 
an  important  component  of  our  efforts  to  build  and  sustain  the  nation's  research  en- 
terprise. 

QUESTION:  24.  You  are  working  with  the  National  Governors'  Association  and 
the  Carnegie  Commission  on  a  Federal-State  Technology  Partnership.  Do  you  have 
anyone  from  the  EPSCoR  states  or  the  EPSCoR  Foundation  involved  in  this  effort? 
Wouldn't  it  make  sense  to  involve  them  since  EPSCoR  is  at  the  core  of  S&T  Develop- 
ment in  the  S&T  states  and  it  logically  feeds  into  their  activities? 

The  State-Federal  Technology  Partnership  Task  Force  is  a  joint  endeavor  of  the 
Carnegie  Conmiission  on  Science,  Technolo^  and  Government,  National  Governors' 
Association,  National  Conference  of  State  Legislatures,  and  the  American  Society  of 
Mechanical  Engineers.  The  Task  Force,  although  formed  at  the  request  of  Dr.  Gib- 
bons, is  independent  of  the  federal  government.  Its  membership  of  twenty,  estab- 
lished externally  of  OSTP,  consists  of  sitting  governors,  state  legislators,  and  busi- 
ness and  university  leaders. 

It  is  our  understanding  that  the  Task  Force  membership  was  formed  with  a  con- 
sideration of  including  representation  from  rural  states  or  states  with  less  well  es- 
tablished federal  research  support.  Members  of  the  Task  Force  from  such  states  in- 
clude: Governor  Jim  Geringer  of  Wyoming,  Governor  Ben  Nelson  of  Nebraska,  Dr. 
Pricilla  Grew,  Vice  Chancellor  for  Research  of  the  University  of  Nebraska- Lincoln, 
and  State  Senator  David  Kerr  of  Kansas.  Advisors  to  the  Task  Force  who  are  either 
involved  with  the  EPSCoR  program  or  from  EPSCoR  states  include:  Richard  Bendis, 
President,  Kansas  Technology  Enterprise  Corp.,  John  Ahlen,  Director,  Arkansas 
Technology  Authority,  and  the  leadership  of  the  Science  and  Technology  Council  of 
the  States,  Jacques  Koppel,  Executive  Director,  Minnesota  Technology,  Jnc.  and 
Marsha  Schachtel,  Executive  Assistant  to  the  Secretary,  Maryland  Department  of 
Economic  Development. 

The  National  Science  and  Technology  Council  (NSTC)  has  established  an  ad  hoc 
working  group  to  review  current  federal  S&T  programs  that  have  significant  state- 
federal  cooperative  efforts.  The  working  group  is  working  with  the  Task  Force  to 
identify  potential  opportunities  for  enhanced  state-federal  cooperation  in  S&T  to  ad- 
vance national  goals.  Most  EPSCoR  agencies  have  representatives  involved  in  the 
working  group. 

QUESTION:  25.  It  is  my  understanding  that,  in  the  President's  FY96  request,  the 
Department  of  Agriculture's  EPSCoR  program,  which  received  $10  million  in  FY95, 
is  zeroed  out.  Why  was  this  done?  Given  the  success  of  EPSCoR  throughout  the  gov- 
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emment,  do  you  believe  that  defunding  EPSCoR  activities  at  the  Agriculture  Depart- 
ment is  in  the  public  interest? 

What  portion  of  the  FY96  budget  request  for  civilian  R&D  is  aimed  at  agriculture 
and  what  federal  activities  are  supported? 

The  USDA  EPSCoR  program  never  has  appeared  as  a  specific  line  item  in  the 
President's  budget.  Fiscal  year  1996  is  no  exception.  Reference  to  the  USDA's 
EPSCoR  program  has  appeared  in  the  Senate  appropriation  language,  where  the 
USDA  has  been  directeo,  since  1991,  to  allocate  l0%  of  the  National  Research  Ini- 
tiative Competitive  Grants  Program  (NRICGP)  towards  USDA  EPSCoR. 

The  NRKjGP  USDA  EPSCoR  program  has  been  highly  successful.  Not  only  does 
the  USDA  devote  a  higher  percentage  of  funds  towards  EPSCoR  than  any  other  gov- 
ernment agency,  it  is  the  second  only  to  NSF  in  actual  dollars  spent  on  an  EPSCoR 
program.  Given  the  small  size  of  NnlCGP  ($100  million),  this  strong  commitment 
to  the  program  is  unparalleled. 

The  NRICGP  USDA  EPSCoR  program  is  dedicated  to  increasing  scientific  exper- 
tise in  areas  of  research  critical  to  agjriculture.  The  second  programmatic  goal  is  to 
increase  the  competitiveness  of  scientists  and  institutions  in  USDA  EPSCoR  states. 
To  do  this,  the  ISIRICGP  supports  applications  from  individual  scientists  to  enhance 
their  research  capabilities  through  sabbatical  leaves,  to  purchase  needed  research 
equipment,  to  collect  preliminary  data  through  seed  grants,  or  to  pursue  more  long- 
term  research  projects  through  standard  strengthening  awards. 

The  USDA  NRICGP  is  conmiitted  to  its  EPSCoR  program  and  will  continue  it 
even  if  specific  appropriation  language  is  not  apparent. 


Questions  asked  by  Senator  Pressler  and  Answers  Thereto  by  Dr.  Lane 
NSF  BUDGET 

QUESTION:  The  FY96  budget  request  for  the  National  Science  Foundation  is 
$3.36  billion,  a  three  percent  increase  over  the  FY95  level  of  $3.26  billion. 

What  was  the  reason  for  the  increase  and  what  additional  activities,  if  any,  will 
it  support? 

ANSWER:  The  Foundation's  request  for  a  three  percent  increase  reflects  a  strong 
commitment  by  the  Administration  to  NSF  and  to  fundamental  research  and  edu- 
cation. NSF's  investments  in  research  and  education  strengthen  and  help  to  secure 
the  nation's  capability  to  excel  in  science  and  engineering.  As  a  principal  supporter 
of  fundamental  research  conducted  at  colleges  and  universities  and  of  mathematics, 
science,  and  engineering  education,  NSF  helps  to  provide  the  nation  with  both  the 
base  of  advanced  knowledge  and  the  highly  skilled  workforce  needed  to  pursue  and 
capitalize  on  opportunities  in  science  and  technology. 

In  addition,  NSF  investments  in  science  and  engineering  return  real  dividends 
with  respect  to  economic  growth.  There  is  general  consensus  among  economists  and 

golicy  researchers  that  public  investments  in  science  and  engineering  yield  very 
igh  rates  of  return. 

QUESTION:  What  is  the  five-year  funding  profile  of  the  NSF? 
ANSWER:  NSF's  five-year  funding  profile  as  stated  in  the  President's  FY  1996 
budget,  is: 

However,  the  Administration  recently  revised  this  profile,  through  the  NPR2  proc- 
ess, to  provide  constant  funding  from  FY  1996  to  FY  2000. 

ACADEMIC  RESEARCH  FACILITIES 

QUESTION:  I  notice  the  FY96  budget  request  does  not  include  funding  to  start 
a  new  interagency  academic  research  facilities  program,  in  addition,  the  request 

f»roposes  rescinding  $132  million  in  the  current  FY95  budget  already  appropriated 
or  that  specific  purpose. 

Do  you  agree  that  the  U.S.  has  a  $10  billion  backlog  of  academic  research  facili- 
ties needs,  and,  if  so,  why  was  an  interagency  facilities  program  not  funded  in  the 
FY96  budget  request? 

What  federal  strategies  would  you  recommend  to  ensure  our  Nation's  scientists 
have  qualitv  facilities  to  conduct  quality  research? 

ANSWER:  One  estimate  of  the  oacklog  in  U.S.  academic  research  facilities  needs 
is  approximately  $8  billion.  Current  estimates,  assuming  that  the  size  of  univer- 
sities remains  at  roughly  current  levels,  range  from  $8  billion  to  $15  billion. 

Of  the  $250  million  appropriated  for  academic  research  infrastructure  in  FY  1995, 
$118,133  million  was  appropriated  for  NSF's  existing  Academic  Research  Infrastruc- 
ture (ARI)  Program,  and  $131,867  million  was  allocated  for  a  new  interagency  infra- 
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structure  program.  The  availability  of  these  funds  for  an  interagency  program  was 
contingent  upon  the  President  requesting  at  least  $250  million  lor  NSF  in  FY  1996 
for  academic  research  infrastructure  activities. 

Given  the  current  constrained  funding  environment,  it  was  necessary  for  NSF  to 
make  some  difficult  choices.  Accordingly,  the  Foundation  chose  to  maintain  a  bal- 
ance among  the  Foundation's  investments  in  research  activities,  education,  and  in- 
frastructure support.  The  President's  FY  1996  budget  request  for  the  NSF's  existing 
ARI  Program  totals  $100  million,  which  is  $45  million,  or  82  percent,  hi^er  than 
its  FY  1995  request  of  $55  million.  Since  the  Foundation  cannot  at  this  time  make 
a  long-term  conunitment  to  an  interagency  infrastructure  program,  we  chose  to  pro- 
pose this  $131,867  million  rescission. 

In  its  report  on  NSPs  Fiscal  Year  1995  request,  the  Senate  Appropriations  Sub- 
committee also  called  on  NSF  to  show  leadership  in  developing  an  interagency  ap- 
8 roach  to  the  problem  of  academic  research  infrastructure  renewal,  in  response,  the 
[ational  Science  and  Technology  Council  (NSTC)  Committee  on  Fundamental 
Science  formed  a  Subconunittee  on  Research  infrastructure  in  September  1994.  The 
subcommittee  includes  representatives  from  a  dozen  Federal  R&D  agencies,  as  well 
as  the  Office  of  Science  and  Technology  Policy  and  0MB.  The  subcommittee  submit- 
ted a  draft  report  this  month  on  the  needs  of  academic  infrastructure  and  its  impor- 
tance to  human  resource  development,  and  developed  a  five-year  interagency  strat- 
egy for  infrastructure  renewal  contingent  on  available  funding.  The  report  wiU  be 
considered  by  the  full  committee. 

BALANCE  BETWEEN  BASIC  AND  APPLIED  RESEARCH 

QUESTION:  There  is  a  continuing  debate  about  the  proper  balance  between  basic 
research  and  applied  and  "strategic  research  at  NSF.  What  are  your  views  about 
the  appropriate  balance  between  basic  and  applied  research  and,  what  kind  of  bal- 
ance is  reflected  in  the  FY96  budget  request? 

ANSWER:  The  proliferation  of  terms  to  describe  research  has  added  unneeded 
layers  of  confusion  to  an  already  complex  topic.  Much  of  the  confusion  stems  from 
a  desire  to  assign  distinct,  mutually  exclusive  definitions  to  activities  that  are  inher- 
ently overlapping  and  integrated.  Excellent  research  in  strategic  areas  is  not  dif- 
ferent from  the  traditional  curiosity-driven  or  fundamental  research  that  has  pro- 
duced many  of  our  scientific  breakthroughs  as  you  suggest.  The  danger  is  that  re- 
sources might  be  diverted  to  areas  that  presently  ofTer  little  scientific  opportunity, 
in  the  name  of  national  priorities.  We  must  prevent  this. 

Virtually  all  of  the  research  funding  provided  by  NSF  is  focused  on  unanswered 
questions  in  science  and  engineering  witn  unpredictable  outcomes.  Yet  this  research 
is  often  simultaneously  influenced  or  inspired  by  current  problems  and  potential  ap- 

f)lications.  Basic  research  in  computational  geometry,  for  example,  shares  a  close  re- 
ationship  with  many  industrial  challenges — such  as  virtual  prototyping,  virtual 
manufacturing,  and  networicing  of  laboratories  and  factories. 

The  "Interdisciplinary  Strategic  Areas"  discussed  in  NSF's  FY  1996  budget  re- 
quest encourage  these  connections  between  the  quest  for  new  knowledge  and  the 
benefits  that  flow  to  society  from  advances  in  science  and  engineering.  The  seven 
areas  NSF  has  identified  are  designed  to  build  stronger  links  between  research  pri- 
orities and  important  social  and  economic  challenges  facing  our  nation — such  as  im- 
proving infrastructure  investments  and  promoting  lower  cost,  environmentally-com- 
patible design  and  manufacturing  processes.  Although  all  research  is  inherently  for- 
ward-looking, the  strategic  areas  nelp  to  provide  a  sense  of  foresight  and  integration 
concerning  the  future  needs  of  the  nation. 

For  us,  the  notion  of  balance  takes  a  different  direction  from  the  basic/applied  di- 
mension. NSF  is  unique  among  Federal  agencies  in  having  responsibility  for  the 
overall  health  of  science  and  engineering  across  all  disciplines.  This  means  we  must 
fund  excellent  research  in  subfields  where  the  importance  to  the  nation  cannot  be 
identified  in  advance,  because  we  may  be  surprised  by  its  contributions  in  the  fu- 
ture. Thus  we  must  make  sure  that  there  is  appropriate  balance,  across  scientific 
areas. 

QUESTION:  Does  the  new  emphasis  on  strategic  research  (which  supports  na- 
tional needs)  in  any  way  undermine  the  traditional  commitment  to  the  curiosity- 
driven  research  of  individual  researchers? 

ANSWER:  The  preponderance  of  the  research  supported  by  the  Foundation  is  in 
areas  of  clear  importance  to  the  nation.  As  a  shorthand  for  this  kind  of  research, 
we  use  the  phrase  "research  in  strategic  areas".  Our  initiatives  in  these  areas  em- 
body the  essence  of  NSPs  major  goals,  particularly  the  goal  of  "discovery,  integra- 
tion, dissemination  and  employment  of  new  knowledge  in  service  to  society".  The 
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emphasis  on  research  in  strategic  areas  is  entirely  consistent  with  our  traditional 
commitment  to  fundamental  research. 

GLOBAL  CHANGE  RESEARCH  PROGRAM 

QUESTION:  What  is  NSF's  role  in  the  major  federal  interagency  science  pro- 
grams such  as  the  (Global  Change  Research  Program?  What  are  the  main  scientific 
questions  that  the  global  change  research  is  intended  to  address?  How  might  the 
agricultural  community  benefit  irom  the  results  of  global  change  research? 

ANSWER:  NSF  plays  a  significant  role  in  several  interagency  research  programs, 
within  interagency  programs,  NSF  is  generally  responsible  for  supporting  the  fun- 
damental research  underpinning  advances  in  strategic  areas  of  importance  to  the 
nation. 

NSF  is  one  of  a  dozen  agencies  participating  in  the  U.S.  Global  Change  Research 
F*rogram  (USGCRP),  an  interagency  effort  that  coordinates  activities  designed  to 
produce  a  predictive  understanding  of  the  integrated  Earth  system  and,  as  stated 
in  the  Global  Change  Research  Act,  provides  "usable  information"  to  policy  makers. 
Within  the  USGCnP,  NSF  is  responsible  for  maintaining  the  healtn  oi  basic  re- 
search in  all  areas  of  solid  earth,  atmospheric,  ocean,  polar,  and  social  sciences.  This 
basic  research  focuses  on  studies  at  regional  and  global  scales;  large-scale  field  pro- 
grams; interpretation  and  use  of  remotely  sensed  data  and  geographic  information 
systems;  theoretical  and  laboratory  research;  research  facilities  support;  and  the  de- 
velopment of  numerical  models,  computer  databases,  and  information  and  commu- 
nication systems.  The  primary  global  change  research  emphasis  at  NSF  has  been 
the  support  of  activities  that  advance  fundamental  understandings  of  the  complex 
interactions  among  different  facets  of  the  Earth  system.  This  includes  studies  of  the 
impacts  of  biological  and  human  systems  on  the  physical  systems  of  Earth,  inter- 
actions among  the  different  physical  systems,  and  analyses  of  the  consequences  of 
physical  system  change  on  biota  and  people. 

The  scientific  questions  being  addressed  throu^  NSF-supported  global  change  re- 
search include  the  establishment  of  an  integrated,  comprehensive  long-term  history 
of  the  Earth  system  on  a  global  scale;  to  improve  our  understanding  of  the  physical, 
geological,  chemical,  biological,  economic,  and  social  processes  that  influence  Earth 
system  processes  and  trends  on  global  and  regional  scales;  and  to  develop  integrated 
conceptual  and  predictive  Earth  system  models. 

More  complete  understanding  of  the  dynamics  that  result  in  changes  in  climate 
around  the  globe  have  great  significance  for  agricultural  communities  in  all  parts 
of  the  United  States.  The  benefits  of  improved  understanding  of  Earth-system  dy- 
namics are  evident  in  advances  made  by  agricultural  leaders  in  Brazil,  where  better 
understanding  of  the  forces  that  produce  the  El  Nino-Southern  Oscillation  phenome- 
non and  improved  forecasts  have  greatly  reduced  decline  in  crop  production  during 
El  Nino-associated  droughts.  The  expansion  of  the  relatively  new  Climate  Varia- 
bility and  Predictability  (CLIVAR)  research  program  wUl  provide  comparable  ad- 
vances in  knowledge  and  seasonal  prediction  capabilities  for  regions  influenced  by 
temperate  oceans,  including  most  agricultural  regions  of  the  United  States. 

Fundamental  research  on  long-term  climate  changes  also  makes  valuable  con- 
tributions to  agricultural  activities  in  the  United  States.  Global  change  research 
yields  clearer  understandings  of  changes  in  temperature,  precipitation,  and  solar  ra- 
diation, variables  that  have  enormous  impacts  on  the  production  of  com,  grains, 
fruits,  vegetables,  and  livestock.  Advanced  knowledge  of  climatic  changes  is  espe- 
cially important,  because  development  of  new  hybrids  and  other  advances  neeoed 
to  cope  with  changing  conditions  generally  require  development  periods  on  the  order 
of  10  to  15  years.  Global  change  research  also  provides  better  understanding  of  fac- 
tors that  will  affect  water  supplies,  including  the  availability  of  water  for  irrigation 
and  the  consequences  of  changing  seasonal  precipitation  patterns  on  non-point 
source  pollution  of  surface  and  ground  waters. 

HIGH  PERFORMANCE  COMPUTING  AND  COMMUNICATIONS 
PROGRAM 

QUESTION:  The  FY96  budget  request  allocates  $314  million  to  the  High  Perform- 
ance Computing  and  Communications  program  which  supports  the  building  of  the 
so-called  information  superhighway. 

What  activities  are  supported  by  the  spending  on  high  performance  computing 
and  communications? 

ANSWER:  NSF's  High  Performance  Computing  and  Communications  (HPCC)  pro- 
gram is  part  of  the  Federal  HPCC  Program.  The  intent  of  the  Federal  program  is 
to  speed  the  pace  of  innovation  in  science  and  engineering,  to  improve  U.S.  ability 
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to  investigate  and  understand  fundamental  problems  in  science  and  engineering, 
and  to  spur  gains  in  U.S.  productivity  and  industrial  competitiveness  through  the 
development  and  use  of  high  performance  computing  and  networking  technologies. 
To  fulfill  its  role  in  the  closely-coordinated  Federal  HPCC  Program,  the  NSF  HPCC 
Program  supports  a  broad  range  of  activities  to  improve  the  HPCC  infrastructure, 
to  advance  the  computational  state-of-the-art  for  scientific  and  engineering  research 
and  technological  applications,  to  advance  the  networking  state-of-the-art  for  science 
and  engineering  research,  to  disseminate  this  knowledge  to  potential  users,  and  to 
educate  and  train  people  in  HPCC.  Briefly,  these  activities  fall  into  three  broad  cat- 
egories: research,  infrastructure,  and  education  and  training.  One  part  of  this  initia- 
tive is  explicitly  directed  toward  the  National  Research  and  Education  Network  pro- 
gram, a  precursor  to  and  part  of  the  networking  commonly  referred  to  as  the  infor- 
mation superhighway. 

Fundamental  research  is  supported  in  such  areas  as  scaleable  computing  systems, 
mass  storage,  networking  technologies,  improved  software  tools,  and  improved  algo- 
rithms. Infrastructure  efforts,  directed  at  the  broad  science  and  engineering  commu- 
nity, make  advanced  computing  and  communications  information  infrastructure  (via 
the  very  High  Speed  Network  Service)  available  to  the  research  and  education  com- 
munity and  demonstrate  its  usability  to  a  larger  segment  of  the  society  to  solve  in- 
formation intensive  problems  and  to  advance  education  and  research.  Education  and 
human  resource  activities  create  a  cadre  of  researchers  and  technical  personnel 
knowledgeable  in  and  prepared  to  take  advantage  of  new  HPCC  capabilities. 

INFORMATION  SUPERHIGHWAY 

QUESTION:  When  wiU  construction  of  the  information  superhighway  be  com- 
pleted? 

ANSWER:  The  information  superhighway,  like  other  communications  systems,  is 
an  entity  that  will  continue  to  grow  and  evolve  as  its  existing  capability  becomes 
evident  to  the  general  community,  and  unexpected  new  uses  are  developed.  As  more 
people  use  the  Internet  and  place  more  demands  on  its  information  carrying  capac- 
ity, upgrades  will  be  needed.  Since  the  commercial  sector  is  moving  rapidly  to  make 
general  purpose  (i.e.,  "commodity  ")  level  services  available,  direct  Federal  support 
for  general  purpose  networking  is  being  greatly  reduced  in  1995,  and  slated  to  end 
in  1999. 

Federal  support  for  research  on  cutting-edge  high-bandwidth  high-speed 
networking  is  continuing.  A  new  experimental  very  high-speed  backbone  network 
service  is  scheduled  to  begin  operation  in  1995.  This  will  initially  connect  the 
supercomputer  centers  supported  by  the  Foundation  to  enable  testing  of  new  distrib- 
uted applications,  and  exploration  of  potential  problems  and  opportunities  associ- 
ated with  high-speed  network  connectivity, 

QUESTION:  How  will  the  information  superfiighway  benefit  citizens  in  our  rural 
states  and  what  are  some  of  the  possible  applications  that  would  be  most  relevant 
to  the  rural  states? 

ANSWER:  Through  the  Internet,  it  is  possible  to  access  information  resources 
from  anywhere  in  the  world.  Limitations  on  access  to  specialized  information  result- 
ing from  location  wUl  be  significantly  reduced  or,  ultimately,  removed.  One  of  the 
goals  of  the  Foundation's  support  of  mndamental  research  is  to  enable  development 
of  improved  information  technology  allowing  facile  access  to  even  more  diverse  infor- 
mation sources.  For  example,  NSF,  ARPA  and  NASA  have  joined  in  a  cross-agency 
research  initiative  on  digital  libraries.  This  program  is  aimed  at  generating  new 
technologies  and  testbeds  that  will  make  books,  video  materials,  speech  and  sound, 
databases,  as  well  as  other  knowledge  resources  such  as  artifacts  in  museums  or 
research  collections  widely  available  to  and  usable  through  the  use  of  high  speed 
networks.  In  effect,  the  vision  is  to  make  the  Library  of  Congress  to  be  as  easily 
accessible  to  potential  users  in  the  western  states  as  it  is  to  those  in  the  District 
of  Columbia.  One  can  readily  visualize  delivery  of  improved  medical  services,  im- 
proved ability  to  consult  with  experts  to  analyze  and  deal  with  unexpected  agricul- 
tural problems,  and  have  simpler  and  less  expensive  access  to  specialized  instru- 
mentation and  unique  educational  resources. 

INDUSTRY  SUPPORT  FOR  RESEARCH 

QUESTION:  The  importance  of  industry  participation  in  our  federally  supported 
research  programs  cannot  be  overstated.  Industry  involvement  reduces  costs  to  the 
taxpayer,  promotes  technology  transfer  to  the  private  sector,  and  helps  make  federal 
research  more  relevant  to  industry  needs  and  U.S.  competitiveness. 
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What  programs  does  NSF  support  to  promote  industry  participation  and  tech- 
nology transfer  and,  how  successful  have  those  programs  been? 

ANSWER:  Partnerships  and  people  are  the  key  to  knowledge  transfer.  In  order 
to  deliver  the  greatest  return  on  its  investment  in  creating  new  knowledge  and  de- 
veloping intellectual  capital,  NSF  is  continuing  to  take  leadership  in  fostering  and 
catalyzmg  partnerships  with  industry,  academe,  and  other  communities. 

Throughout  its  history  NSF  has  exhibited  leadership  in  forming  new  kinds  of 

fiartnership8  for  supporting  research  and  innovation.  For  example,  in  the  1970's, 
[SF  pioneered  such  concepts  as  IndustryAJniversity  Cooperative  Research  Centers 
(I/UCRCs).  More  than  filly  such  centers  are  currently  in  operation,  carrying  out  re- 
search in  a  wide  range  of  technologies.  NSF's  annual  support  for  these  centers 
ranges  between  $50,000  and  $100,000  and,  on  average,  is  leveraged  11  times  with 
industry  and  other  sources. 

The  Small  Business  innovation  Research  (SBIR)  Program  is  an  NSF  innovation 
of  the  1970's.  This  government/private  sector  partnership  has  helped  move  numer- 
ous research  developments  to  the  marketplace  by  supporting  research  to  prove  the 
technical  feasibility  of  an  idea.  The  NSF  Program  served  as  a  model  for  the  SBIR 
Development  Act  of  1982,  which  established  a  national  SBIR  program. 

By  the  1980'8,  as  increasingly  swift  and  more  sophisticated  technological  change 
facilitated  and  prompted  cross-disciplinary  research,  NSF  responded  with  new  types 
of  partnerships  which  integrated  science,  engineering,  technology,  and  education. 
Among  these  were  the  Engineering  Research  Centers  (ERCs),  which  are  large  and 
visible  enou^  to  influence  academic  culture  and  its  reward  structure.  Over  time, 
the  ERCs  have  helped  to  include  a  systems-oriented  focus  in  academic  education 
and  research,  and  served  as  a  model  for  establishing  similar  centers  in  the  U.S.  and 
worldwide. 

In  the  1980's,  the  Science  and  Technology  Centers  (STC)  Program,  modeled  par- 
tially on  the  ERC  concept,  was  establishedto  encourage  university -based  scientists 
and  engineers  to  focus  on  research  with  long-term  tecnnological  horizons  and  pro- 
vide a  mechanism  to  exploit  opportunities  where  the  complexity  of  the  research 
challenges  require  the  advantages  of  collaborative  science-engineering  relationships. 
They  oner  the  research  community  a  significant  new  mechanism  to  explore  new 
areas  of  research,  build  bridges  among  disciplines,  and  explore  better  ana  more  ef- 
fective ways  to  educate  students. 

NSF  established  the  Grants  Opportunities  for  Academic  Liaison  with  Industry 
(GOALI)  Program  to  facilitate  the  exchange  of  university  and  industry  personnel. 
This  is  accomplished  by  supporting  a  balanced  spectrum  of  collaborative  activities, 
ranging  from  the  interaction  with  and  contribution  by  the  industrial  partners,  from 
visits  to  full-scale  cooperative  projects.  Creative  individuals  are  supported  for  pro- 
posals that  will  not  only  establisn  new  working  and  long-term  relationships,  but 
provide  innovative  approaches  to  graduate  and  postdoctoral  education.  The  impor- 
tance of  the  initiative  is  underlined  by  the  synergism  resulting  from  the  individual 
industry -university  collaborative  projects,  the  increased  need  of  basic  research  to 
support  high-tech  industry,  and  the  need  to  improve  the  education  of  students  hired 
by  industry. 

Another  recent  program  innovation  is  the  Small  Business  Technology  Transfer 
Research  (STTR)  program  which  addresses  the  development  of  existing  university 
research  results  by  small  businesses.  This  is  a  critical  problem  in  the  United  States, 
since  foreign  companies  are  often  more  effective  than  U.S.  companies  at  developing 
commercial  technologies  from  new  ideas  developed  by  U.S.  researchers.  STTR 
projects  must  be  industry-led,  but  not  less  than  30%  of  research  funding  must — and 
up  to  60%  may — be  devoted  to  university-based  research  and  development  efforts. 
This  assures  flexibility  in  determining  the  optimum  sharing  of  responsibilities  dur- 
ing the  technology  hand-off. 

Recently,  NSF  has  been  emphasizing  the  support  of  fundamental  research  in 
areas  of  national  interest.  Research  spans  areas  as  diverse  as  civil  infrastructure 
systems,  manufacturing,  biotechnology,  and  the  environment.  This  research  is  fun- 
damental in  nature  and  permits  individual  researchers  to  pursue  their  own  creative 
ideas  but  within  a  larger  context  of  knowledge  in  service  to  society.  University-in- 
dustry collaborations  are  especially  important  in  this  context  because  they  help 
make  the  essential  knowledge  transfer  between  the  different  sectors  and  better  pre- 
pare students  for  careers  in  industry  and  government.  Such  cooperation  brings 
many  disciplines  and  backgrounds  together  to  solve  complex  problems  and  can  in- 
crease the  potential  for  early  application  of  the  knowledge  generated. 

The  primary  similarity  among  these  NSF  programs  is  their  concentration  on  in- 
creasing the  mteractions  between  university-based  researchers  and  educators  and 
private  sector  businesses.  In  general,  these  efforts  have  been  very  successful.  For 
example,  in  1994,  the  18  ongoing  ERCs  had  active  partnerships  with  over  416  firms 
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and  industrial  consortia;  these  partnerships  involved  almost  400  joint  projects.  Over 
the  ten  year  life  of  the  program,  the  ERCs  have  produced  216  patents  and  1,161 
licenses  for  software  and  other  developments.  The  I/UCRCs  currently  involve  about 
1,800  faculty  and  students  who  work  with  over  600  firms  across  the  nation  on 
projects  hi^ly  relevant  to  industrial  needs.  These  centers  have  spawned  a  wide 
range  of  changes  in  industrial  processes  and  numerous  advances  that  have  resulted 
in  commercially  viable  products  and  technologies.  GAO  evaluations  of  the  SBIR  pro- 
gram found  that  it  has  been  generally  successful  in  stimulating  the  development  of 
new  products  and  services,  creating  new  jobs,  and  stimulating  new  areas  of  re- 
search. 

Perhaps  the  greatest  value  of  these  efforts,  however,  is  the  cultural  change  they 
are  fostering  in  academe  and  industry,  which  increasingly  values  the  benefits  and 
synergy  of  working  together  of  linking  knowledge,  capabilities  and  facilities  in  ways 
that  were  rare  before  the  existence  of  these  programs. 
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Questions  asked  by  Senator  Burns  and  Answers  Thereto  by  Dr.  Lane 
FUNDING  PROJECTIONS  FOR  NSF 

QUESTION:  With  the  emphasis  on  federal  deficit  reduction,  NASA  and  some 
other  science  programs  are  facing  budget  cuts.  However,  the  FY96  budget  request 
for  the  National  Science  foundation  (NSF)  is  $3.36  billion,  an  increase  of  3  percent 
over  the  current  funding  level.  What  factors  contributed  to  NSF's  request  for  a  fiind- 
ing  increase?  What  does  the  projected  outyear  funding  profile  for  NSF  look  like? 

ANSWER:  The  Foundation's  request  for  a  three  percent  increase  reflects  a  strong 
commitment  by  the  Administration  to  NSF  and  to  fiandamental  research  and  edu- 
cation. NSF's  investments  in  research  and  education  strengthen  and  help  to  secure 
the  nation's  capability  to  excel  in  science  and  engineering.  As  a  principal  supporter 
of  fundamental  research  conducted  at  colleges  and  universities  and  of  mathematics, 
science,  and  engineering  education,  NSF  helps  to  provide  the  nation  with  both  the 
base  of  advanced  knowledge  and  the  hidily  skilled  workforce  needed  to  pursue  and 
capitalize  on  opportunities  in  science  and  technology. 

In  addition,  NSF  investments  in  science  and  engineering  return  real  dividends 
with  respect  to  economic  growth.  There  is  general  consensus  among  economists  and 
policy  researchers  that  public  investments  in  science  and  engineering  yield  veiy 
nigh  rates  of  return. 

The  five  year  fianding  profile  for  NSF,  as  stated  in  the  President's  FY  1996  Budget 
Request  is: 

National  Science  Foundation 

Budget  Authority  FY  I996-FY  2000 

(dollars  in  thousands) 


FY  1996 

FY  1997 

FY  1998 

FY  1999 

FY  2000 

$3,360,000 

$3,259,200 

$3,192,000 

$3,124,800 

$2,919,328 

However,  the  Administration  recently  revised  this  profile,  through  the  NPR2  proc- 
ess, to  provide  constant  funding  from  FY  1996  to  FY  2000. 

ACADEMIC  RESEARCH  FACILITIES 

QUESTION:  No  matter  how  good  they  are,  scientists  cannot  perform  quality  re- 
search without  adequate  lab  equipment  and  facilities  to  do  the  research.  For  that 
reason,  the  FY  1995  appropriation  for  NSF  provided  $132  million  for  the  develop- 
ment of  an  Interagency  infrastructure  program,  with  release  of  those  funds  contin- 
gent on  NSF's  submission  of  a  development  plan.  However,  NSF  elected  to  forgo  the 
money  and  not  initiate  such  a  program. 

Given  the  enormous  scientiiic  Infrastructure  needs  at  the  Nation's  universities, 
estimated  by  some  at  over  $10  billion,  why  would  NSF  elect  not  to  take  the  federal 
funding  for  infrastructure? 

What  is  NSF's  current  estimate  of  the  cost  of  doing  the  necessary  renovation  and 
replacement  of  scientific  infrastructure  at  our  research  universities? 

If  the  federal  government  will  not  support  a  multiagency  infrastructure  program, 
what  are  some  alternative  approaches  for  dealing  with  the  facilities  problem? 

ANSWER:  Of  the  $250  million  appropriated  for  academic  research  infrastructure 
in  FY  1995,  $118,133  million  was  appropriated  for  NSF's  existing  Academic  Re- 
search Infrastructure  (ARI)  Program,  and  $131,867  million  was  allocated  for  a  new 
interagency  infrastructure  program.  The  availability  of  these  funds  for  an  inter- 
agency program  was  contingent  upon  the  President  requesting  at  least  $250  million 
for  NSF  in  FY  1996  for  academic  research  infrastructure  activities. 

Given  the  current  constrained  funding  environment,  it  was  necessary  for  NSF  to 
make  some  difficult  choices.  Accordingly,  the  Foundation  chose  to  maintain  a  bal- 
ance among  the  Foundation's  investments  in  research  activities,  education,  and  in- 
frastructure support.  The  FVesident's  FY  1996  budget  request  for  the  NSF's  existing 
ARI  Program  totals  $100  million,  which  is  $45  million,  or  82  percent,  hi^er  than 
its  FY  1995  request  of  $55  million.  Since  the  Foundation  cannot  at  this  time  make 
a  long-term  commitment  to  an  interagency  infrastructure  program,  we  chose  to  pro- 
pose this  $131,867  million  rescission. 

NSF  regards  the  Nation's  academic  research  infrastructure  as  a  key  element  in 
our  efforts  to  maintain  world  leadership  in  science  and  engineering.  Sophisticated 
research  facilities  and  instrumentation  are  essential  for  the  conduct  of  world-class 
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research  and  failure  to  renew  or  replace  obsolete  infrastructure  will  have  long-term 
consequences.  For  this  reason,  NSF's  1995  Strategic  Plan,  "NSF  in  a  Changing 
World  highlights  the  need  to  strengthen  physical  infrastructure  as  one  of  four  "core 
strategies.  NSF  surveys  of  research  facilities  and  instrumentation  have  documented 
needs  that  exceed  $10  billion,  assuming  that  there  is  no  "right-sizing"  of  universities 
and  that  the  size  of  universities  remains  roughly  at  current  levels.  A  more  recent 
NSF  survey  gives  an  estimate  of  $8  billion.  Addressing  these  needs  for  renewal  of 
physical  infrastructure  is  critical  not  only  to  NSF's  mission,  but  to  the  missions  of 
many  other  Federal  R&D  agencies  as  well.  This  multi-billion  dollar  problem  is 
therefore  an  interagency  problem  requiring  an  interagency  solution,  and  also  re- 
quires the  cooperation  of  state,  local,  and  private  institutions. 

In  its  report  on  NSF's  Fiscal  Year  1995  request,  the  Senate  Appropriations  Sub- 
committee also  called  on  NSF  to  show  leadership  in  developing  an  interagency  ap- 
Eroadi  to  the  problem  of  academic  research  infrastructure  renewal.  In  response,  the 
[ational  Science  and  Technology  Council  (NSTC)  Committee  on  Fundamental 
Science  formed  a  Subcommittee  on  Research  Infrastructure  in  September  1994.  The 
subcommittee  includes  representatives  from  a  dozen  Federal  R&D  agencies,  as  well 
as  the  Office  of  Science  and  Technology  Policy  and  0MB.  The  subcommittee  submit- 
ted a  draft  report  this  month  on  the  needs  of  academic  infrastructure  and  its  impor- 
tance to  human  resource  development,  and  developed  a  five-year  interagency  strat- 
egy for  infrastructure  renewal  contingent  on  available  funding.  The  report  will  be 
considered  by  the  full  committee. 

Federal  grant  programs  are  only  one  component  of  a  comprehensive  solution  to 
the  infrastructure  problem.  NSF's  Academic  Research  Infrastructure  Program  re- 
quires institutional  cost  sharing  that  leverages  the  Federal  investment  to  a  signifi- 
cant degree.  Alternative  approaches  beyond  direct  Federal  support  would  help  uni- 
versities, colleges,  and  other  research  organizations  manage  debt  financing.  These 
approaches  include  issuance  of  tax-free  bonds,  low  interest  loans,  and  loan  guaran- 
tees. These  approaches  all  force  institutions  to  set  priorities  very  carefully  before  as- 
suming responsibility  for  debt  financing,  thereby  helping  to  avoid  ill-advised  expan- 
sion. However,  these  mechanisms  do  not  necessarily  provide  coordination  of  invest- 
ment on  a  national  level,  thereby  making  it  possible  for  institutions  to  create  redun- 
dant and  underutilized  facilities. 

BASIC  RESEARCH  VS  STRATEGIC  RESEARCH 

QUESTION:  Do  you  believe  the  FY96  budget  request  strikes  the  appropriate  bal- 
ance between  basic  research  and  strategic  research,  that  is  research  targeted  at  spe- 
cific National  priorities?  Do  you  believe  the  new  emphasis  on  strategic  research  un- 
dercuts the  traditional  curiosity-driven  research  that  has  produced  many  of  our  sci- 
entific breakthroughs? 

ANSWER:  Research  in  strategic  areas  and  basic  research  are  not  mutually  exclu- 
sive categories.  NSF  support  is  almost  entirely  for  basic  research.  Further,  the  pre- 
ponderance of  the  research  supported  by  the  Foundation  is  in  areas  of  clear  impor- 
tance to  the  nation.  Thus  "strategic"  and  "basic"  are  not  either/or  categories.  NSF 
is  unique  among  Federal  agencies  in  having  responsibility  for  the  overall  health  of 
science  and  engineering  across  all  scientific  ana  engineering  disciplines.  Thus  the 
balance  we  must  strive  for  is  between  research  in  areas  of  obvious  strategic  impor- 
tance to  the  nation,  and  research  in  other  areas  of  science,  whose  contributions  are 
not  as  easy  to  foresee.  We  think  our  FY96  budget  does  this. 

Excellent  research  in  strategic  areas  is  not  dafferent  from  the  traditional  curiosity- 
driven  or  fundamental  research  that  has  produced  many  of  our  scientific  break- 
throughs as  you  suggest.  The  danger  is  that  resources  might  be  diverted  to  areas 
that  presently  offer  little  scientific  opportunity,  in  the  name  of  national  priorities. 
We  must  prevent  this. 

U.S.    INVESTMENT  IN  BASIC  RESEARCH   COMPARED   TO 
OTHER  COUNTRIES 

QUESTION:  How  does  our  federal  budget  for  basic  research  compare  with  that 
of  other  industrialized  nations  and  how  does  our  science  policy  compare  with  theirs? 

ANSWER:  Basic  research  expenditures  totaled  about  $31  billion  in  the  United 
States  in  1994.  German,  Frencn,  and  Japanese  basic  research  expenditures  com- 
bined total  around  80%  of  the  US  expenmtures.  Basic  research  accounts  for  about 
18%  of  US  R&D  expenditures.  This  compares  with  about  20%  for  Gtermany  and 
France.  Japan's  ratio  of  basic  research  to  total  R&D  is  somewhat  lower,  at  about 
13%. 
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Most  national  science  policies  put  a  high  value  on  the  support  of  basic  research. 
According  to  data  released  in  the  President's  1996  budget  submission,  basic  research 
comprises  about  20%  of  U.S.  federal  R&D  spending  in  1994,1995  and  1996.  This 
compares  with  28%  of  the  federal  R&D  expenditures  for  basic  research  in  Germany 
in  the  same  period. 

Basic  research  is  viewed  in  most  countries  as  a  responsibility  of  the  public  sector. 
Approximately  85%  of  basic  research  in  France  is  performed  in  the  government  and 
umversity  sectors.  Comparable  figures  for  Germany  and  Japan  are  77%  and  58% 
respectively.  About  62%  of  basic  research  in  the  U.S.  is  performed  in  the  govern- 
ment and  university  sectors. 

Most  governments  acknowledge  the  important  role  of  basic  research  in  the  devel- 
opment of  new  technologies  and  industries,  and  support  research  in  strategic  areas 
such  as  biotechnology,  new  materials,  microelectronics  and  information  technologies, 
telecommunications  and  transportation.  Both  Japan  and  the  European  Union  have 
emphasized  basic  research  in  strategic  areas. 

In  addition  to  acknowledging  that  investments  in  basic  research  are  key  for  future 
technological  competitiveness,  the  science  policies  of  most  countries  also  acknowl- 
edge that  human  resource  development  is  a  key  element  for  the  future  This  means 
bom  training  future  scientists  and  engineers  and  developing  a  broad  base  of  science 
and  technology  (S&T)  understanding  among  their  populations.  Many  countries  also 
are  increasingly  putting  emphasis  on  investing  in  basic  research  in  areas  of  societal 
needs  such  as  environmental  and  medical  research. 

Governments  have  generally  maintained  a  commitment  to  science  and  technology 
and  innovation  even  during  recessions.  They  see  investment  in  S&T  as  a  means  of 
overcoming  economic  difficulties.  Many  countries  are  facing  budgetary  pressures 
and  are  streamlining  or  restructuring  R&D  systems,  including  public/national  lab- 
oratories. Most  governments  are  also  under  increasing  pressure  to  prioritize  R&D 
and  to  evaluate  the  outputs  and  impacts  of  their  expenditures  for  science  and  tech- 
nolos^.  Most  nations  are  also  trying  to  modernize  their  academic  and  national  re- 
search facilities. 

International  cooperation  and  global  networking  are  increasingly  important  in 
most  national  science  policies,  in  part  due  to  increased  budgetary  pressures  in  the 
face  of  increasing  scientific  opportunities;  but  also  in  recognition  that  partnerships 
are  increasingly  important  in  our  global  and  integrated  economy,  ana  that  inter- 
national cooperation  may  be  the  only  way  some  proolems  can  be  studied.  Such  S&T 
cooperation  is  seen  as  a  valuable  foreign  policy  instrument  when  dealing  with  devel- 
oping countries  as  well  as  a  possible  entree  for  foreign  trade  and  investment. 

Information  on  these  topics  can  be  found  in  NSF  s  Science  and  Engineering  Indi- 
cators-I  993,  and  the  Organization  for  Economic  Co-operation  and  Development's 
Science  and  Technology  Policy  Review  and  Outlook  1994. 

INDUSTRY  INFLUENCE  ON  NSF  GOALS  AND  POLICIES 

QUESTION:  What  role,  if  any,  does  U.S.  Industry  play  in  the  development  of 
NSF's  goals  and  policies? 

ANSWER:  U.S.  industry  plays  a  significant  role  in  the  development  of  NSF's  goals 
and  policies.  For  example,  tne  National  Science  Board,  NSF's  direction-setting  body, 
has  always  enjoyed  psolicipation  by  members  with  industrial  affiliations.  Three  of 
the  23  current  memners  of  the  National  Science  Board  and  25  of  the  148  former 
Board  members,  including  three  who  served  as  NSB  chairmen  within  the  last  fifleen 
years,  have  had  a  primary  affiliation  with  industry  at  the  time  of  appointment.. 

Representatives  from  industry  are  also  included  on  our  advisory  committees.  For 
instance,  in  FY  1994,  34  of  the  975  members  of  standing  advisory  committees  were 
from  industry.  These  committees  are  of  three  types:  general  advice  committees  to 
provide  input  to  the  Foundation's  long-range  plans,  goals,  performance  and  policies; 
proposal  review  panels  consisting  of  specialists  who  review  proposals  in  specific  sci- 
entific areas;  ana  special  purpose  committees  such  as  the  President's  Committee  on 
the  National  Medal  of  Science  and  the  Committee  on  Equal  Opportunities  in  Science 
and  Engineering. 

INFORMATION  SUPERHIGHWAY 

QUESTION:  What  Is  NSF  Doing  to  promote  and  support  the  development  of  the 
"information  superhighway^  What  do  you  believe  Is  tne  appropriate  role  for  the 
federal  government  In  the  development  and  building  of  the  superhighway? 

ANSWER:  NSF  is  promoting  and  supporting  the  development  ofthe  'Information 
superhighway"  by  continuing  to  support  the  development  of  new  networking  tech- 
nologies, new  bandwidth-intensive  network  applications,  the  connection  of  the  re- 
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search  and  education  community  to  the  network,  and  the  fundamental  research  in 
networking  and  communications  to  ensure  the  continued  progress  in  these  areas. 

NSF  believes  that  an  appropriate  role  for  the  federal  government  is  to  pursue  this 
same  strategy  in  the  future  for  the  following  reasons: 

It  resulted  in  the  dramatic  evolution  from  a  special  purpose  network  serving  a 
small  number  of  research  scientists  and  engineers  into  the  Internet  which  today 
serves  millions  of  users  from  all  walks  of  life. 

It  has  provided  the  private  sector  with  an  understanding  of  the  potential  of  com- 
mercial commodity  network  services,  and  stimulated  the  growth  of  a  new 
multibUlion  dollar  industry. 

It  builds  on  NSF's  role  as  a  supporter  of  leading-edge  network  research,  allows 
for  experimental  testing  and  trial  implementation  in  support  of  research  and  edu- 
cation, and  allows  the  private  sector  to  move  in  rapidly  and  effectively  to  competi- 
tively develop  commodity  services  independent  of  governmental  funding. 

QUESTION:  The  applications  of  the  information  superhighway  in  areas  like 
telemedicine,  telecommuting,  and  long  distance  learning  will  have  an  enormous  im- 
pact in  rural  states  like  my  state  of  Montana.  What  is  your  view  on  how  the  Infor- 
mation superhighway  will  change  the  way  we  live,  work  and  learn? 

ANSWER:  The  information  superhighway  offers  significant  possibilities  for  im- 
mt)ving  the  way  people  in  Montana  and  other  rural  states  live,  work,  and  learn. 
Through  the  Internet,  it  is  possible  to  access  information  resources  from  anywhere 
in  the  world.  Limitations  on  access  to  specialized  information  resulting  from  location 
wiU  be  significantly  reduced  or,  ultimately,  removed.  One  of  the  goals  of  the  Foun- 
dation's support  01  fundamental  research  is  to  enable  development  of  improved  in- 
formation technology  allowing  facile  access  to  even  more  diverse  information 
sources.  For  example,  NSF,  ARPA  and  NASA  have  joined  in  a  cross-agency  research 
initiative  on  digital  libraries.  This  program  is  aimed  at  generating  new  technologies 
and  testbeds  that  wiU  make  books,  video  materials,  speech  and  sound,  databases, 
as  well  as  other  knowledge  resources  such  as  artifacts  in  museums  or  research  col- 
lections widely  available  to  and  usable  through  the  use  of  high  speed  networks,  in 
effect,  the  vision  is  to  make  the  Library  of  Congress  to  be  as  easily  accessible  to 
potentied  users  in  the  western  states  as  it  is  to  those  in  the  District  of  Columbia. 
One  can  readily  visualize  delivery  of  improved  medical  services,  improved  ability  to 
consult  with  experts  to  analyze  and  deal  with  unexpected  agricultural  problems,  and 
have  simpler  and  less  expensive  access  to  specialized  instrumentation  and  unique 
educational  resources. 

NETWORK  SECURITY 

QUESTION:  The  increasing  reliance  on  computers  by  our  government,  businesses, 
colleges,  banks,  and  other  Institutions  have  made  the  Nation  extremely  vulnerable 
to  attacks  by  "hackers".  According  to  recent  reports,  these  hackers  pose  an  increas- 
ing risk  to  our  national  and  economic  security. 

QUESTION:  How  serious  is  the  problem  of  computer  security? 

ANSWER:  Recent  events  have  provided  evidence  that  computer  security  is  a  very 
serious  problem.  As  the  user  community  becomes  increasingly  aware  of  the  risks, 
better  methods  have  become  available  to  secure  systems,  detect  attacks,  and  trace 
unauthorized  access.  Increasingly  more  sophisticated,  such  measures  are  imple- 
mented more  routinely  and  widely  across  the  Internet  as  well  as  on  local  networks. 

QUESTION:  Is  it  a  problem  within  NSF  and  its  computer  network? 

ANSWER:  Assuring  the  security  of  the  Foundation's  information  systems  is  a 
high  priority  within  the  agency.  Fortunately,  we  have  not  been  the  victim  of  any 
significant  security  problems. 

QUESTION:  What  steps  are  being  taken  by  NSF  and  other  agencies  to  address 
the  problem  of  computer  security? 

ANSWER:  The  question  of  computer  and  network  security  transcends  any  single 
agency,  and  cooperative  efforts  are  essential.  One  example  of  interagency  coopera- 
tion in  security  is  the  woric  on  networking  being  carried  out  by  the  Federal 
Networking  Council  which  established  a  security  working  group  to  develop  an  over- 
all security  framework  for  government  agencies.  That  group  has  made  its  prelimi- 
nary report,  which  will  soon  be  put  before  the  Internet  community  for  comments 
and  suggestions. 

In  addition,  security  is  also  a  high  priority  for  certain  NSF  grantees  which  have 
special  problems  resulting  from  their  responsibilities.  For  example,  the  NSF 
Supercomputer  Centers  have  a  very  active  network  security  group  wnose  goal  is  to 
allow  broader  national  access  to  these  advanced  facilities,  while  improving  security 
and  maintaining  ease  of  use. 
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At  the  Foundation,  we  have  installed  equipment  on  our  network  which  minimizes 
the  lielihood  of  security  problems  and  we  routinely  use  software  which  scans 
desktop  computers  and  network  servers  for  viruses.  All  access  to  central  systems  is 
password  protected  and  we  are  evaluating  systems  designed  to  minimize  the  likeli- 
hood of  having  passwords  compromised. 

With  the  increase  in  the  use  of  the  Internet  and  other  vehicles  for  interactions 
between  outside  sources  and  internal  NSF  systems,  we  are  implementing  a  "fire- 
wall" to  ensure  that  only  valid  operations  access  internal  network  services  and  data. 

CIVIL  INFRASTRUCTURE 

QUESTION:  In  1993,  the  science  Subcommittee  held  a  hearing  on  the  application 
of  federal  R&D  to  Improve  our  civil  infrastructure,  including  bridges,  highways,  and 
buildings.  I  note  that  the  FY  1996  budget  request  for  NSF  specifically  allocates  $57 
million  for  civil  infrastructure  research. 

What  specific  activities  will  NSPs  civil  infrastructure  funding  support? 

ANSWER:  NSF  will  contribute  to  the  process  of  intelligent  renewal  through  the 
support  of  ftindamental  research  focusing  on  the  scientific,  engineering,  and  edu- 
cational developments  needed  to  sustain  civil  infrastructure  systems.  The  purpose 
of  this  research  is  to  develop  new  knowledge  and  innovative  approaches  and  meth- 
ods through  projects  involving  engineers,  economists,  and  physical,  mathematical, 
materials,  and  social  scientists. 

This  strategy  focuses  on  the  optimal  performance  of  systems,  in  addition  to  under- 
standing the  individual  components.  Focusing  on  the  performance  of  individual  com- 
ponents in  separate  systems  results  in  incremental  improvement  in  some  areas  but 
does  not  substantially  improve  the  performance  of  tne  overall  system.  The  new 
strategy  emphasizes  systems  integration  at  all  levels  and  specifically  addresses  the 
need  to  develop  new  scientific  ana  engineering  knowledge  in  the  following  four  key 
areas,  which  were  identified  through  consultation  with  the  relevant  research  and 
practitioner  communities. 

Deterioration  Science  is  concerned  with  the  mechanisms  controlling  how  materials 
and  systems  break  down  and  wear  out  during  normal  use  and  when  subiected  to 
natural  and  technological  hazards.  Research  is  needed  to  improve  our  understand- 
ing of  deterioration  processes,  so  that  we  can  design,  build,  and  maintain  infrastruc- 
ture systems  that  are  more  durable,  safe,  and  environmentally  sound. 

Assessment  Technology  addresses  the  need  to  assess  the  condition  of  our  Civil  In- 
frastructure Systems.  We  need  to  be  able  to  determine  the  level  of  performance, 
operational  safety,  reliability,  and  environmental  acceptability  of  components  and 
systems.  The  ultimate  objective  is  to  develop  sensing,  monitoring,  and  controlling 
systems  for  the  effective  management  of  our  infrastructure  systems. 

Renewal  Engineering  deals  with  the  development  of  materials  and  methods  to  ex- 
tend and  enhance  the  useful  life  of  civil  inirastructure  systems.  Research  should 
focus  on  new  approaches  for  integrated  planning,  information  management,  design, 
construction,  installation,  maintenance,  repair,  retrofit,  recycling,  demolition,  and 
dispmsal.  The  research  outcome  must  fit  the  economics  of  real-world  situations,  and 
must  consider  the  infrastructure  life  span  in  both  normal  and  hazardous  conditions. 

Institutional  Effectiveness  and  Productivity  pursues  effective  decision  making  on 
civil  infrastructure  systems.  New  approaches  are  needed  for  decision  process  and  op- 
timization modeling,  which  involve  economists,  engineers,  mathematical  scientists, 
natural  scientists,  and  social  scientists.  These  models  require  both  qualitative  and 
quantitative  input.  The  impact  of  civil  infrastructure  systems  investments  or  regula- 
tion on  national,  regional,  and  local  productivity,  and  on  the  economic  and  social 
well-being  of  the  public  also  needs  to  be  evaluated. 

QUESTION:  What  Improvements  In  building  and  maintenance  technologies  are 
foreseen  as  a  result  of  the  R&D  on  civil  infrastructure? 

ANSWER:  We  know  that  constructed  infrastructure  facilities  are  deteriorating 
and  require  evaluation,  repair,  retrofit,  and  replacement  for  safety  and  longer  life. 
We  expect  that  civil  infrastructure  research  will  lead  to  structures  and  facilities  that 
are  safer,  more  economical,  easy  to  maintain  and  retrofit,  have  longer  effective  life 
spans,  are  less  energy  intensive,  and  more  compatible  with  the  environment. 

One  example  is  research  on  advanced  materials  for  structural,  communication,  en- 
ergy, and  transportation  applications.  Ongoing  activities  include  research  on  the  de- 
sign and  processing  of  composite  materials  with  improved  toughness  and  wear  re- 
sistance, new  coatings  for  materials  that  impart  greater  resistance  to  environmental 
failure,  and  improved  understanding  through  modeling  and  computation  of  the  proc- 
esses leading  to  materials  degradation.  For  example,  many  dinerent  forms  of  the 
fiber  reinforced  plastics  are  feing  studied  to  determine  strength,  corrosion  resist- 
ance, and  life  cycle  costs.  Future  infrastructure  systems  and  facilities  may  be  con- 
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structed  of  these  materials  so  that  they  will  last  longer,  require  less  maintenance, 
and  be  competitive  in  cost  to  conventional  materials  on  a  life  cycle  basis. 

In  another  example,  research  is  aimed  at  applying  high  technology  instrumenta- 
tion, now  in  use  in  the  aerospace  industry,  for  reaJ-time  sensing  to  monitor  perform- 
ance changes  in  infrastructure  systems.  For  example,  optical  fibers  are  embedded 
in  concrete  for  sensing  stress,  loads,  and  failure.  Such  safety  and  reliability  assess- 
ments will  point  out  the  weak  links  in  a  complex,  constructed  facility  so  that  correc- 
tions may  be  made  before  serious  failures  occur. 

QUESTION:  Would  you  share  with  the  Subcommittee  any  recent  breakthrough 
developments  generated  by  the  Infrastructure  program. 

ANSWER:  While  breakthrough  developments  occur  in  this  area,  more  typically 
the  research  leads  to  incremental,  continuous  improvement  in  infrastructure  mate- 
rials, systems,  and  methodologies.  One  reason  for  this  is  that  implementation  of 
Civil  Infrastructure  Systems  technologies  often  require  substantial  institutional  and 
regulatory  changes.  For  example,  NSF  was  a  major  supporter  of  early  developments 
in  Load  and  Resistance  Factor  (LRFD)  design  approaches  for  CIS  structures — an  ap- 
proach which  is  still  moving  into  various  codes/manuals  of  practice  from  steel,  con- 
crete, wood  and  so  on,  resulting  in  leaner,  more  efficient,  ana  safer  designs. 

Because  of  its  focus  on  contmuous  improvement,  the  impact  of  infrastructure  re- 
search should  be  measured  over  time.  Two  examples  where  sustained  NSF  support 
has  substantially  impacted  the  Nation's  infrastructure  are: 

•  NSF  support  of  earthquake  engineering  research  has  helped  establish  the  de- 
signs and  building  codes  for  present  day  earthquake  resistant  buildings.  Focusing 
on  the  response  oT  soils  and  structures  to  earthquake  loads,  research  results  have 
contributed  to  enhanced  seismic  safety  in  areas  at  risk  throughout  the  country.  The 
recent  Loma  Prieta  and  Northridge  earthquakes  demonstrate  how  far  the  U.S.  has 
come,  in  comparison  to  many  other  countries,  in  developing  knowledge  and  tech- 
niques to  counteract  such  events  and  in  more  closely  linking  the  efforts  of  research- 
ers and  practitioners.  For  example,  recent  events  of  similar  magnitude  that  occurred 
in  Mexico,  Armenia,  and  Japan  took  a  far  greater  toll  in  lives  than  did  the  U.S. 
earthquakes. 

•  Since  the  1960s,  NSF  has  funded  fundamental  research  on  fracture  mechanics 
and  nondestructive  evaluation  methods.  This  has  led  to  dramatic  increases  in  the 
ability  to  predict  causes  of  failures  in  materials,  which  has  resulted  in  improved 
buildmgs,  airplanes  and  automobile  safety  and  extended  lifetimes  of  such  struc- 
tures, in  addition,  improvements  in  predictive  modeling  for  materials  and  structures 
has  led  to  less  conservative,  less  costly  and  more  reliable  designs  for  structures  and 
facilities. 

QUESTION:  What  is  the  government-wide  budget  request  for  R&D  that  is  tar- 
geted at  civil  infrastructure  and  how  does  it  compare  witn  the  funding  levels  in  re- 
cent years? 

ANSWER:  Civil  infrastructure  R&D  is  not  well  defined  in  the  Federal  budget.  To 
the  best  of  our  knowledge,  the  best  approximation  of  a  government-wide  request  for 
this  area  may  be  an  estimate  of  Federal  Construction  K&D  which  was  recently  de- 
veloped by  the  NSTC  Subcommittee  on  Construction  and  Building,  which  totaled 
more  than  $140  million  for  FY  1995. 

BIOLOGY  RESEARCH  PRIORITIES 

QUESTION:  Last  March,  our  Subcommittee  heard  testimony  about  the  applica- 
tions of  biotechnology  in  agriculture  and  other  areas.  What  are  the  main  priority 
areas  for  NSF-supported  research  In  biology?  How  much  of  the  biological  research 
Is  devoted  to  potential  apicultural  applications?  What  are  some  of  the  more  promis- 
ing agricultural  applications  within  tnat  research? 

ANSWER:  NSF  is  the  major  source  of  funding  for  competitive,  merit  reviewed  re- 
search at  the  Nation's  universities  and  colleges.  NSF  also  plays  a  key  role  in  build- 
ing the  fundamental  knowledge  base  required  for  major  advances  in  areas  of  strate- 
gic importance,  in  particular  for  biotechnology  in  areas  other  than  health,  and  in 
research  on  the  environment  and  global  change.  NSF  plays  a  unique  role  in  support 
of  research  at  the  frontiers  of  biological  knowledge.  In  some  areas  such  as  Fun- 
damental research  in  plant  biology  and  environmental  biology  including 
biodiversity,  the  Foundation  plays  an  essential  role. 

For  FY  1996  three  emerging  opportunities  have  been  identified.  First,  with  inter- 
national partners,  we  will  embark  on  a  major  effort  to  sequence  the  entire  genome 
of  the  model  hi^er  plant,  Arabidopsis  thaliana.  Knowledge  of  plant  genomes  is  im- 
portant for  understanding  all  aspects  of  plant  growth  and  development,  the  mecha- 
nisms by  which  plants  respond  to  the  environment  and  defend  tnemselves  against 
pests  and  pathogens;  all  of  which  have  potential  agricultural  implications/applica- 
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tions.  Because  the  genomes  of  agriculturally  important  crop  plants  tend  to  be  large 
and  complex,  identification  of  the  flowering  plant,  Arabidopsis  thaliana  as  a  model 
has  been  a  major  advance.  Arabidopsis  has  a  small  genome,  a  short  life  cycle,  and 
is  small  enough  that  large  numbers  of  plants  can  be  grown  in  a  small  space.  NSF 
has  played  the  leading  role  in  establishing  this  organism  as  a  model  and  is  the  lead 
agency  in  an  international  genome  project  which  is  now  on  the  threshold  of  a  major 
international  effort  to  sequence  the  Arabidopsis  genome.  Two  additional  emerging 
opportunities  are,  fundamental  research  to  build  the  knowledge  base  for  ecosystem 
restoration  and  bioremediation,  and  research  in  computational  and  theoretical  biol- 
ogy to  enable  development  of  theories  that  can  provide  road  maps  to  understanding 
complex  biological  systems. 

Approximately  30%  of  NSF's  support  for  biological  research  is  devoted  to  research 
with  potential  agricultural  applications.  This  is  primarily  fundamental  research  on 
plants  but  also  includes  research  on  insects  and  some  aspects  of  animal  biology. 

A  number  of  promising  agricultural  applications  exist.  For  example: 

•  Understanoing  the  mechanisms  by  which  plants  regulate  their  uptake  of  salts 
can  lead  to  development  of  plants  that  are  tolerant  of  saline  soils  and  resistant  to 
metal  poUutants. 

•  Understanding  the  fundamental  mechanisms  by  which  plant  hormones  control 
growth  and  development  offer  the  ability  to  develop  new  crop  plants  with  more  eco- 
nomically desirable  features. 

•  Understanding  the  basic  mechanisms  by  which  plants  defend  themselves  from 
pests  and  pathogens  can  lead  to  pest  and  disease  resistant  plants. 

Enhanced  knowledge  of  plant  and  microbial  metabolism  can  lead  not  only  to  new 
products  but  to  new  uses  lor  agricultural  products.  In  addition,  NSF-supported  re- 
search on  insects  and  fish  will  have  other  applications  in  agriculture  and  aqua- 
culture.  For  example,  understanding  the  mechanisms  by  which  insects  such  as 
grasshoppers  resist  their  natural  pathogens  will  contribute  to  our  ability  to  use  ra- 
tional approaches  to  control  insect  pests. 

FY  1996  EPSCoR  ACTIVITIES 

QUESTION:  As  we  try  to  reduce  the  deficit,  we  have  an  obligation  to  make  the 
federal  R&D  budget  more  relevant  to  the  tax  payers  who  pay  for  It  In  my  view,  the 
EPSCoR  program  helps  to  do  just  that  It  enables  research  Institutions  In  rural 
states  like  Montana  and  South  Dakota  to  participate  in  NSF's  science  programs  in 
a  way  that  was  not  possible  prior  to  the  program. 

What  activities  are  supported  In  the  FY  96  budget  request  of  $36  million  for 
EPSCoR*^ 

ANSWER:  The  FY  1996  EPSCoR  budget  request  is  $35.9  million.  Of  this  amount 
approximately  $28.5  million  will  support  Systemic  Improvement  cooperative  agree- 
ments. In  addition,  it  is  anticipated  that  approximately  $3.5  million  will  fund  Exper- 
imental Systemic  initiative  (ESI)  grants  of  up  to  $500,000  per  state.  In  order  to 
mainstream  EPSCoR  researchers  into  the  Foundation's  regular  research  and  edu- 
cation programs,  EPSCoR  will  provide  about  $2  million  to  jointly  fund  grant  applica- 
tions from  EPSCoR  institutions  with  other  NSF  divisions.  In  FY  1995,  it  is  antici- 
pated that  approximately  $1.5  million  will  support  Small  Business  Innovation  Re- 
search (SBm)  and  other  Foundation-wide  programs  with  outreach  to  the  states.  The 
remaining  $400,000  provides  for  program  support,  technical  assistance  to  the 
EPSCoR  states,  merit  review,  and  program  monitoring,  reporting  and  coordination. 

QUESTION:  Which  states  are  currently  in  the  EPSCoR  program? 

ANSWER:  Eighteen  states  and  the  Commonwealth  of  Puerto  Rico  are  currently 
eligible  to  participate  in  NSF's  EPSCoR  program.  The  states  are:  Alabama,  Arkan- 
sas, Idaho,  Kansas,  Kentucky,  Louisiana,  Maine,  Mississippi,  Montana,  Nebraska, 
Nevada,  North  Dakota,  Oklahoma,  South  Carolina,  South  Dakota,  Vermont,  West 
Virginia,  and  Wyoming. 

QUESTION:  How  many  other  federal  R&D  agencies  now  have  EPSCoR  programs? 

ANSWER:  The  Department  of  Defense,  Department  of  Energy,  Environmental 
Protection  Agency,  National  Aeronautics  and  Space  Administration,  National  Insti- 
tutes of  Health,  National  Science  Foundation,  and  the  U.S.  Department  of  Agri- 
culture currently  have  EPSCoR  or  EPSCoR-like  programs  that  aadress  the  need  to 
increase  research  competitiveness  among  less  competitive  states,  institutions,  or  in- 
vestigators. 

QUESTION:  How  would  you  evaluate  the  EPSCoR  program  and  how  successful 
has  it  been  In  enabling  institutions  in  EPSCoR  states  to  become  more  effective  in 
competing  for  federal  research  grants? 

ANSWER:  A  comprehensive  evaluation  of  the  EPSCoR  program,  through  a  third 
party,  is  currently  under  way  and  will  be  conducted  in  two  phases:  (1)  a  six-month 
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study  of  the  program's  educational  impacts  to  be  completed  by  the  end  of  this  cal- 
endar year,  and  (2)  a  full  evaluation  to  oe  completed  by  the  end  of  FY  1996. 

The  objectives  of  the  evaluation  are  to:  (1)  provide  summary  data  on  impacts  that 
account  for  the  diversity  of  program  activities  embedded  in  various  university  cul- 
tures; (2)  cover  both  institutional  and  R&D  outcomes  in  terms  of  building  research 
capability;  (3)  include  information  about  the  effectiveness  of  intervention  strategies 
and  their  jwssible  replication  at  other  sites;  (4)  produce  results  that  are  useful  both 
to  NSF  and  the  states,  given  the  evaluation  design  developed  by  the  contractor  to 
analyze  the  program  as  a  complex  ejcperiment;  and  (5)  communicate  results  to  spe- 
cialist and  nonspecialist  audiences  alixe. 

The  EPSCoR  database  and  case  studies  will  be  used  to  illuminate  the  program's 
activities  and  successes  from  the  perspectives  of  participant  faculty,  stuaents,  ad- 
ministrators, and  state  policymakers.  Design  of  the  evaluation  has  had  the  benefit 
of  discussion  with  the  EPSCoR  program  officers  and  representatives  of  EPSCoR 
states. 

ADVANCED  TECHNOLOGY  PROGRAM 

QUESTION:  Given  the  success  of  EPSCoR  at  NSF  and  other  agencies,  do  you  be- 
lieve that  the  process  for  awarding  Advanced  Technology  F*rogram  grants  and  simi- 
lar grants  should  be  required  to  stress  fairness  in  the  geographical  distribution  of 
the  awards? 

ANSWER:  NSF  grant  programs  target  specific  research  needs  and  seek  to  achieve 
a  variety  of  goals  and  purposes.  These  programs  are  often  designed  differently  using 
separate  criteria  for  eligioility.  At  NSF  we  believe  that  all  our  programs  should 
stress  fairness  and  seek  the  very  best  outcomes  available  given  their  program  goals. 
The  goal  of  EPSCoR  is  explicitly  to  build  scientific  research  capacity  in  states  that 
have  had  difficulty  in  competing  successfully  for  federal  funding  for  basic  research. 
Other  federal  research  programs  may  have  difierent  objectives. 

EPSCoR 

QUESTION:  As  you  know,  research  results  do  not  occur  overnight  You  fund  many 
of  your  science  and  engineering  centers  programs  for  up  to  11  years.  How  can  we 
move  some  of  the  more  successful  EPSCoK  clusters  to  the  next  level  to  compete  for 
centers,  and  give  them  the  resources  and  time  that  they  need? 

ANSWER:  The  current  three-  to  five-year  EPSCoR  awards  are  designed  to  stimu- 
late improvements  in  the  R&D  infrastructure  that  will  allow  EPSCoR  research 
groups  to  become  more  competitive  for  the  NSF's  regular  R&D  funding  programs, 
including  its  center  programs.  There  are  some  notable  successes,  for  instance,  NSF 
is  currently  funding  Engineering  Research  Centers  at  two  of  the  EPSCoR  states: 
Mississippi  State  University  is  doing  research  in  computational  field  simulation  and 
Montana  State  University  nas  a  center  performing  research  in  biofilm  engineering. 
In  addition,  NSF  is  funding  a  Science  and  Technology  Center  at  the  University  of 
Oklahoma  to  perform  research  on  the  analysis  and  prediction  of  storms. 

In  addition,  EPSCoR  co-funds  with  the  Foundation's  disciplinary  research  pro- 
grams, proposals  submitted  by  EPSCoR  researchers,  in  FY  1995  EPSCoR  wiU  pro- 
vide approximately  $2  nullion  to  co-fund  proposals  from  EPSCoR  investigators  with 
the  regular  NSF  research  divisions,  including  co-funding  of  a  Materials  Research 
Science  and  Engineering  Center  at  the  University  of  Alabama-Tuscaloosa 

K-12  EDUCATION 

QUESTION:  What  are  some  of  the  NSF  programs  focused  on  K  through  12  edu- 
cation? How  effective  are  our  K  through  12  educational  systems  in  teaching  math 
and  science  and  what  are  some  of  the  strengths  and  weaknesses  of  the  U.S.  system? 
How  does  the  U.S.  system  compare  with  the  approaches  of  other  countries  such  as 
Japan? 

ANSWER:  NSF  funds  programs  that  support  local  and  statewide  systemic  reform 
of  science  and  mathematics  education,  the  professional  development  of  teachers,  the 
creation  of  curriculum  and  instructional  materials,  the  provision  of  informal  learn- 
ing opportunities,  and  hands-on  learning  experiences  for  children. 

Overall,  students  are  scoring  higher  today  on  a  variety  of  measures  of  science  and 
mathematics  achievement  than  in  1982  despite  the  fact  that  the  student  population 
has  become  more  racially  and  ethnically  diverse.  Some  of  the  gaps  in  acnievement 
scores  between  students  of  different  races  and  ethnicity  have  narrowed.  The  gap  be- 
tween male  and  female  average  achievement  in  science  has  narrowed,  while  the  gap 
in  mathematics  has  almost  entirely  disappeared.  The  National  Assessment  of  Edu- 
cation Progress  conducted  in  40  states  in  1992  has  shown  that  great  differences  are 
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found  throu^out  the  country  that  are  not  associated  with  ethnic  origin.  For  exam- 

61e,  white  students  in  the  north  central  region  attain  scores  as  high  as  those  of 
[orea,  while  white  students  in  Mississippi  and  Louisiana  score  far  below  most  coun- 
tries. These  regional  disparities  are  no  aoubt  due  to  economic  conditions  as  well  as 
resources  allocated  to  public  school  systems.  Nonetheless,  the  overall  performance 
in  mathematics  and  science  has  increased  over  the  past  several  years. 

When  compared  with  other  countries,  the  achievement  of  U.S.  students  in  science 
and  mathematics  lags  several  other  countries  that  participated  in  the  most  recent 
comparative  study  (1992).  Average  mathematics  achievement  scores  of  U.S.  nine 
year  olds  are  well  below  those  of  students  in  Korea,  Taiwan,  and  Hungary,  for  ex- 
ample. In  science,  U.S.  nine  year-olds  scored,  on  average,  about  as  well  as  nine  year- 
olds  in  any  country  that  participated  in  the  study.  Thirteen  year-old  students  from 
the  U.S.  scored  substantially  below  students  from  these  and  other  countries  in  both 
science  and  mathematics.  A  new  study  in  progress  of  approaches  used  in  classrooms 
of  elementary  and  secondary  schools  in  48  countries  snould  help  answer  cruestions 
raised  about  the  strengths  and  weaknesses  of  the  U.S.  system.  As  regards  weak- 
nesses in  the  U.S.  system,  preliminary  evidence  shows  that  the  U.S.  curriculum  is 
much  broader  than  in  other  countries  and  that  U.S.  teachers  struggle  to  present 
adequately  to  their  students  the  required  wide  variety  of  topics.  The  new  study  in- 
cludes detailed  investigation  of  the  Japanese  and  German  systems  in  particular  and 
will  reveal  how  those  systems  have  been  able  to  teach  all  students  nigh  levels  of 
mathematics  and  science.  Results  from  this  study  will  be  available  in  1996. 

Trends  in  U.S.  student  course  taking  and  instruction  are  similar  to  trends  in 
achievement.  While  enrollment  in  science  and  mathematics  high  school  courses  has 
increased  over  the  past  decade — with  little  difference  in  the  course-taking  patterns 
of  males  and  females — fewer  students  from  minority  groups  take  advanced  courses 
in  science  and  mathematics  than  white  students.  And,  despite  the  increases  in  en- 
rollment, the  number  of  students  completing  four  full  years  of  science  and  mathe- 
matics is  stiU  low.  At  the  elementary  level,  the  amount  of  class  time  devoted  to 
science  and  mathematics  has  increased  since  the  late  1970s. 

Between  1986  and  1993  the  proportion  of  mathematics  teachers  who  have  taken 
advanced  level  courses  in  mathematics  increased,  although  teachers  who  teach  pre- 
dominantly minority  students  continue  to  be  less  well  prepared  than  those  who 
teach  few  minority  students.  The  level  of  science  preparation  of  science  teachers  has 
remained  relatively  constant. 

Despite  strong  recommendations  from  the  National  Academy  of  Sciences  and  the 
National  Council  of  Mathematics  Teachers  for  hands-on  approaches  to  science  and 
mathematics  instruction,  high  school  teachers  rely  heavily  on  lecture,  spending 
about  20  percent  of  science  class  time  and  less  than  10  percent  of  mathematics  class 
time  on  hands-on  activities.  By  contrast,  teachers  at  the  elementary  school  level 
spend  about  25  percent  of  class  time  on  hands-on  activities. 

Overall,  the  U.S.  education  system  does  not  serve  all  students  equally,  with  the 
resources  (e.g.,  materials  and  computers)  and  opportunities  to  teach  and  learn  most 
limited  in  large  urban  and  rural  economically  disadvantaged  school  districts.  None- 
theless, the  local,  state,  urban  and  rural  systemic  reform  programs  of  NSF  taken 
in  combination  with  the  available  model  instructional  materials  and  standards- 
based  mathematics  and  science  curricula  offer  our  best  hope  of  achieving  substantial 
improvement  in  the  performance  of  1(1  U.S.  K-1  2  students. 

ACADEMIC  RESEARCH  FACILITIES 

QUESTION:  Some  have  estimated  that  it  would  cost  $10  billion  over  ten  years 
to  satisfy  the  Nation's  academic  research  facilities  needs.  As  a  first  step  to  address 
this  problem,  last  year,  Congress  appropriated  $250  million  in  FY95  for  the  NSF 
facilities  and  instrumentation  program.  However,  $132  million  of  that  amount  was 
automatically  rescinded  because  the  Administration  did  not  request  the  money  in 
the  FY96  budget  request 

What  Is  your  assessment  of  the  Nation's  academic  research  facilities  problem? 

Why  did  the  Clinton  administration  not  request  the  additional  $132  million  for 
facilities  and  Initiate  a  program  for  a  multiagency  strategy  to  address  the  facilities 
problem? 

Has  the  Administration  developed  any  strategy  or  plan  to  deal  with  our  deterio- 
rating academic  research  Infrastructure? 

ANSWER:  NSF  regards  the  Nation's  academic  research  infrastructure  as  a  key 
element  in  our  efTorts  to  maintain  world  leadership  in  science  and  engineering.  So- 
phisticated research  facilities  and  instrumentation  are  essential  for  the  conduct  of 
world-class  research  and  failure  to  renew  or  replace  obsolete  infrastructure  will 
have  long-term  consequences.  For  this  reason,  NSF's  1995  Strategic  Plan,  "NSF  in 
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a  Changing  World"  highlights  the  need  to  strengthen  physical  infrastructure  as  one 
of  four  core  strategies."  Recent  NSF  surveys  of  research  facilities  and  instrumenta- 
tion have  documented  needs  that  exceed  $10  billion.  The  latest  survey  suggested  a 
"need"  of  $8  bUlion,  assuming  that  no  "right-sizing"  of  universities  occurs.  Address- 
ing these  needs  for  renewal  of  physical  infrastructure  is  critical  not  only  to  NSF's 
mission,  but  to  the  missions  of  many  other  Federal  R&D  agencies  as  well.  This 
multi-billion  dollar  problem  is  therefore  an  interagency  problem  requiring  an  inter- 
agency solution. 

Of  the  $250  million  appropriated  for  academic  research  infrastructure  in  FY  1995, 
$118,133  million  was  appropriated  for  NSF's  existing  Academic  Research  Infrastruc- 
ture (ARI)  Program,  ana  $131,867  million  was  allocated  for  a  new  interagency  infra- 
structure program.  The  availability  of  these  funds  for  an  interagency  program  was 
contingent  upon  the  President  requesting  at  least  $250  million  for  NSF  in  FY  1996 
for  academic  research  infrastructure  activities. 

Given  the  current  constrained  funding  environment,  it  was  necessary  for  NSF  to 
make  some  difUcult  choices.  Accordingly,  the  Foundation  chose  to  maintain  a  bal- 
ance among  the  Foundation's  investments  in  research  activities,  edtlcation,  and  in- 
frastructure support.  The  President's  FY  1996  budget  request  for  the  NSF's  existing 
ARI  Program  totals  $100  million,  which  is  $45  million,  or  82  percent,  higher  than 
its  FY  1995  request  of  $55  million.  Since  the  Foundation  cannot  at  this  time  make 
a  long-term  commitment  to  an  interagency  infrastructure  program,  we  chose  to  pro- 
pose this  $131,867  million  rescission. 

In  its  report  on  NSF's  Fiscal  Year  1995  request,  the  Senate  Appropriations  Sub- 
committee also  called  on  NSF  to  show  leadership  in  developing  an  interagency  ap- 
R roach  to  the  problem  of  academic  research  infrastructure  renewal,  in  response,  the 
fational  Science  and  Technology  Council  (NSTC)  Committee  on  Fundamental 
Science  formed  a  Subcommittee  on  Research  Infrastructure  in  September  1994.  The 
subcommittee  includes  representatives  from  a  dozen  Federal  R&D  agencies,  as  well 
as  the  Office  of  Science  and  Technology  Policy  and  0MB.  The  subcommittee  submit- 
ted a  draft  report  this  month  on  the  needs  of*^ academic  infrastructure  and  its  impor- 
tance to  human  resource  development,  and  developed  a  five-year  interagency  strat- 
egy for  infrastructure  renewal  contingent  on  available  funding.  The  report  will  be 
considered  by  the  fuU  committee  at  their  next  meeting. 
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